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Foeualng on ^nginte^lDg asd r^latBi ocattpatleESp thfi 
aoTOBliit ia one, im a salvias o£ i©r-ty-sM taprAn^^.^£«a tk 
Ocaiapa tlonal otitlook Hanabook p^a?daiag cttretfit inforia^lQn ana 
Mplayiaat projections for laai^idiial eqqnpationg and tadaitriaa 
tbroagli 1985.* ^ha spaeifxc oceapatapna e^ttryd i» this aesaa€nt 
ioeladf aexospace aaglnee^Sp agiflenltvral angin@#rs^ feioaadical 
#CLgiDt#fs^ earaalc engineers^ afcailc^l mnginn^tBg cl? il miigi^mmtm^ 
altctri^^l anginears, isdustxlajl ifiglsMr^> k^dhaniaal tngliiaarSv 
Mtalltfrglcal englnea^ar aining ahgin€ar§# pitrolana anglat€ra, 
teoafleaiPt taehiiieiahs^ draftar$# inglnaaring and aoltnea ttcfaniolana, 
a&d 0a7Wt7eirs. The felloving Inl^rliatien ia spf^antad fox each < ^ 

Qcchpation or oceapatiofial txaij a poda niiab#f rafartne^a to tbt 
DtctiOBsry of Occupational Titleai a daseription. ^ tta nat^ra of the 
liorki places of eaployaent| trainlfigr ethaf g^allf ieationar and - 
md7ano€atiit| eiipleyiant oatlooki saifnings aad irofkin^ eondltioDSi a^nd 
aourets of additional iDforaati^Sft. In additten to the fotty^one 
reprints corerl^g individttal oceapations eeoapatlonal araas (CI 
017 757-*797) f a coapaD,ion 'fiUDCoient C^B 017 7S6) pMstnta eiployaant 
projecttoM tot the total lafcor aatktt and diaott^ats th€ rtlationahip 
batifaaii job pfoapacta and adtaoatios. (BH) ^ ^ 
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Tip work of angtnters affects our 
livis in thousinds of dtfT^iftifit' ways. 
Their pust a^coMiplishflfiinti h%ve en- 
abled us to drive saftr autcmobiles, 
reaah the itiMn* and evjn. prplong 
Itff through special mmQhinmfy. Fur 
ture mccompllshments could us 
lEicrease energy supptlei, develop 
m^ra pQUutioii'free powirplaivu, and 
aid Riedical icieiiQe*s nght igainst 
dtieaie. 

In 1976« more thm 1.1 million 
per^m were employed as engineers^ 
the tecond largest professional oscu- 
pation» exceeded only by teacheri. 
Most engineers specialise In one of 
the more than 25 speoiaUies recog- 
nized by professional locieties. With- 
in the niajor brartchei^ are over 3$ 
minor subdivisions. Struotural^ envi^ 
ronmentai, hydraulic, and highway 
engineerings for e%amp]e, mre lubdi- 
viiions of civil engineefing. Engi- 
neers also may ipecialiEe in th^ ^^i- 
neering problems of one industry, 
such as motor vehicles, or in a par- 
ticular field of technology, sucH m 
propulsion or guidance syitems^ Thii 
section, which contatni an overall 
discussion of engineering, is followed 

/ ^ by separate statements on 1 2 branoh- 
es of the prpfesgion^aercspace^ ag- 
_ rtcuitural, biomedicaU ceramic, 

¥ ^ cheinical, civil, elictrical, indjustFial, 
mechanicaK metallurgt^l, mining, 
and petroleum enginearing. 

Natur« \hm WcHi 

Engineers appiy the theories and 
K principles of science and tnathematr 
ici to practicah tecffnical problemi. 
O^en theii^ work ii the link betw^n 
a seientific discavery ~ %nd its u|6ful 
application. Enjineerf desigrv rna^ 
chine^^ product^, systems, and pro- 
ce^s' for efncient and economical 
performance. They develop' electric ^ 
power, water supply, and ^aite dis^ 
posal systems to meet th^ prqblemi/ 
of urban^wng. They de|(gn indystri- 
al machindh^ and eq^ui^ent used to 
manufa^turl goodf; and hreating, air^ 
conditioning, and. ve/^ttlatibn equips 
ment for more comfortable living, 
Engineers also develop scientific 
t " equipment to probe outer space and 
the ocean depths, design defense and 



weapons systents for the Armed 
Forces, and design, plan^End super^ 
Arise the construction of buildings, 
highways, and rapid transit syitemi. 
They design and develop coniumer 
products such as aufomobiles, televi- 
sion lets, and refrigeratori, and sys- 
tems for control and automation of 
manufacturingf business, and man- 
agement processes. 

Engineers inust consider many fa^c- 
toi^ in developing a new product. For 
example, in developing new devices 
to ^r^duce automobile e^thai^t imis- 
' iions, engineers 4nust detenniiie the 
general way the device will work» de- 
sign and^test all components, and fit 
them together in an integral plan. 
They must then evaluate the overaj 
effectiveness of the new device, Ms 
well as ^ts cost and reliability. These 
factors to matt products{ in^ 

eluding those as din^erent as medical 
equipment, eleclronic computers, 
and industrial machinery, / 

In addition to design and develops 
ment, many engineers w^rk in test- 
ing, production, operati6n, or m^in- 
penance. /They iupervise the 
operation^ of produciion processes, 
determi^'the cau^^ of breakdowns, 
and peifdrm tests o^jjjpewl^i manufac- 
tured p^ducts t^eniure that quality 
stan^arM are maintained. They also^ 
estli^ate the ^ime needed w com- 
plete e^gi^ee^ing projects and their 
^ost. StiirotKers are in kdnuniitrative 
and mana^ment Jobs where an fngi- 
neering|^ckground is neceiiary, or 
in sales^here tftey discuss the tech- 
nical ^a^ec^ of a product and assiit 
in pMnning its JnstallatioTf ^or uie. 
(See^ statement on manufacturers' 
salesworkers elsewhete in the WaM- 
bwk ) Engineers with considerable 
rducation or expedience sometimes 
^ork as coniultants. Some with ad- 
vanced degrees teach in the engi- 
neering schools of colleges and uni- 
versities. 

Engineers within eacK of the 
branches may apply their spcci^liied 
knowledge to many rields^ Electrical 
engineers, for example, work in 
medicine, computers, missile guid- 
ance, or electric power di&iribution, 



Because engineering problems are 
usually complex, Uie work in to me 
fleldi cuts across tne traditional 
branchet; Using a t^m approach to 
solve c/robTems, engineeri in one 
field Often work chssely with speciaU 
ists in other ^ientiftc« engineering, 
and busine^ oycupationSv 

Piaeu af Entpldym«iit 

More t^an half^f all engineers 
work in/manufacturing industries— 
mostly /n the electrical and electron- 
ic equipment, aircraft and parts, ma- 
chinery, chemicals, scientific initru- 
ments, primary metals, fabricated 
nyttal produets, and motor vehicle 
industries. Over 340,000 were em- 
/ployed in nbnmanufacturing Indus- 
tries in 1976, primartly in cons^truc-' 
tioAf public utilities, #ngineering and 
architectural services, and business 
and management consulling services. 

Federal, State, and local govern^ 
ments employed about 150,000 engi- 
neers. Over half of these workad for 
the Federal Govemnient, mainly in 
the Departments of Defense, Interi- 
or, Agriculture, Transportation, and 
in the Hatlomal Aeroimutics and 
Space Administration. Most engi- 
neers in State and local government 
agencies worked in highway and pub- 
lic works dtpartitients. 

Colleges and un.iveriities em- 
ployed about 45,000 Engineers in re- 
search and teaching jobs, and a small 
number worked for nonprofit re- 
search organizations, 

Gngineers are employed in every 
State, in sin all and large cities ^^nd In 
r^ral areas. Some branches of engi- 
neering are concentrated in particu- 
lar industries and geographic areas, 
as discussed in the statemei^ lat^r in 
this chapter. ^ 

Training, Other Quallffleatlonji 
■rid Ailvane«m#nt 

A bachelor's degree in engin^eting 
IS the^enerally acqgpted educational 
fequireri^ent for beginning engineer- 
ing jobs. College graduates trained in 
one of the natural ^iences or rnathe- 
matics iilso mity qualify for sope^ be- 
ginning jobs. Experienced iichni- 
ciaris with some engioj^ermg 
education are occasionally abl^ to 



ERIC 



n 
u 



7- 



uli^uea to some types qranginejiifij 
jobs. 

M«iiy coliegts recently have estab^ 
i^td 2> or 4^ymmf prQgraiiis leading 
, to degrt^ in tnginatring ttchnolO|y . 
Thts^ progrmins prepare studenis tot 
prmeticml design mnd producttQit work 
rmtherthm for jobs that reqUire niare 
ttieorettcal scientific and niEthemat-^ 
iciU knowledge. Graduates of 4-year 
Engineering technology programs 
may ge^ jobs siinilar to thoie ob- 
tamed angineering bachelor*! de- 
gret gradumtes. However, the status 
of those with the engineering, teah- 
Aology degree is still not clear, Sonie 
employers regard thetn ai ^aviiig 
skilli somewhire between those of a 
technician and an engineer. 

Graduate tratiting is being empha^ 
siEed for ao. inereaiing number cf 
jobs; It is f ssential for most beginning 
teaching and research positions, and 
is desirable for advancement. Some 
ipedialties, such as nuclear engineer- 
ing, are taught mainly at the graduate 
level 

About 250 colleges mnd universi- * 
ties offer a bachtlor^s degree in engi- 
neering, and over 50 colleges offer a 
bachelor's degree in engineering 
technology. Although programs in 
the larger branches of engineerini 
are offered in most of these institu^ 
tions, some small specialties are 
taught in only a very few. Therefore, 
students desiring specialized training 
should investigate currtculums be^ 
fore'seiecting a conege/Admisiions 
requirements for. undergraduate en- 
gineering schools usually include 
high school courses in advanced 
matheniatics and the physical scienc- 
es. 

In a typical 4-yeaf curriculum, the 
first 2 years are spent studying basic 
sciences— mathematics, t physics, 
chemistry, introductory ^gineer^ 
ing--^and the humanities, Social sci- 
ences, and Engiish. The last 2 years 
are da voted, foV the most part, to 
ipecialized engineering couVses. 

^ Some pfograms offer a general engi- 
neering curriculum, permitting^the 
student to choose a specialty Mn' 
graduate school or acquire it on tlxe 

job. ^ \ 

Some^ engineering currtculums re- 

q^i^e more than 4 yean to complete. 



A nuHiber of colleges and UAiverst 
lies new oWmr J-year mmster'i degree 
progran^s. In addition, several ertgi' 
neering/iehools have formal arrMge- 
ments /with liberal arts colleges 
whereby a student spendi 3 ySa|^ in a 
libeAl arts college studying pre-^ngi- 
neering subjects and 2 years in an"^ 
en|ineering school and receives a 
bachelor's degree from each. 

SofTie schools have or even 6- 
year cocperative^ans where stu- 
dents coordinate classrooni study 
and practical work experience In ad- 
ditioii to gaining useful experience, 
itudents can rmance part of their 
education: Because of the need to 
keep up with rapid advancei in tech- 
tioloiy, engineers often continue 
their education throughout their ca^ 
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acquaint new englniers with special 
Iflduitrial practices and to determine 
the specialties for which they mre best 
suited'. Experienced engineei^ may 
advance to positions of^greai^ re^ 
sponsibility mhd some engineers 
^aw.4o^anagement or adminiitzm- 
tive positiotis after several yea^ of 



Alr^O States and the District of 
Columbia require licensing for engi- 
neers whose work may affect life, 
healthy of property, or who offer 
their services to the public. In \9i6, 
there were over 300,000 regiitei'ed 
engineers. Generally, registration re- 
^uirements include a degree from an 
accredited engineering school, 4 
years of relevant work experience, 
and the passing of a State examina- 
tion. 

Engineering graduates usuatly* be- 
gin work unrfer the supervision^ of ex- 
perienced engineers. Some Qompa- 
nies have special prograifls to 



engineering. Some engineers obtain 
graduate; degrees in business admin- 
istration to improve their advanoe- 
mefit opportunities^ while stilPotheri 
obtain law degrees and become pat^ 
eiit ^torneys. Many high level execu- 
tives in priva^ indpitry who began 
thiir careers as engineers, / 

Engineer should be able ^ work 
as part of a team and shojUld have 
craativity, an analytical mi^d, and a 
capacity for detail. They ^hould he 
able to express their idea^well orally 
and in writing. 



imploym«nf Oiitiook 

Eniployment opportunities for en- 
gifieers are expected to be good 
through the mid-l980's in most spe* 
cialities. In addition there may be 
some opportunities for college 
graduates from related fields in cer- 
tain engineering jobs, 

Employmen^equirements for en- 
gineei^ are expected to grow slightly, 
faster than the average for all occu- 
pations through the mid- ^980 's. 



Growtl) and r^laetrtient needs mm #kpectad ^ pmvida 
many Job openingi for enginMrs \ 

Selected enginetring occupations 

A^efag© annual openinga, 1976-85 (in thousandi) . A 
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Mti£b of ttb ip^wtfi will f i^m fmm 

Moft tn^eers uriO be n^edtd in tht ' 
d^a^ ^tuttuotloA of factories, 
W^tmu offioe ^utldi^, mnd 
tr aai ^ fiatiOB ^teini, as wall as In 
^tbe davalopiiient Md nAaRufuture of 
d^feas^-ff laigd products, iciantinc 
lEi|puiii^ati« Industrial machinary, 
chemtoal pr^yati, and motor veht« 
elai.' 

BAgtn^fn ^ill be required In ener- 
iy^r|llated aQtlvUlts developing 
loyrces of eficrfy u well as designing 
energy^savlng systems 4or automo- 
bilas^ homes, aod otter buildings. 
lftgiltpli|is also will be Headed to 
solve ei|virciiinetital problems. 
, "Hie level of iapendltures in some 
of thes# ^reas« particularly defense, 
howavar« haa fluctualed in the past, 
affactttig the requirement for engi- 
neefs^ and inay do so in the future. 
Tbe otidook for enpneers given here 
It based on thetassuinption that de» 
fense spending will increase from its 
19?6 leval but will still be lower than 
the peak levels of the 1 960*1. If, how- 
ever, defense activity Is higher or 
lower t^an the level assumed, the de- 
mand for engineers will be higher or 
lower than jnow a%pectad. Further, if 
the demMd for fheir specialty de^ 
€lines, engineers may lose thetr jobs. 
This can be a particular problem for 
older englneeri, who may face difTt- 
cultias in findliig other engineering 
jobs. These difficulties can be mini- 
tnlied by selectioii of a career in one 
of th^ more stable industries and en- 
giiieeHng specialties, and by continue 
Ing^education to keep on the lat- 
est technological developments. 

Despite these problems* over the 
10114 run the number of people seek- 
ing Jobi as ingineeri is expected to 
be in balance with the number of job 
openings. 

(The oytloek for various branches 
Is discussed in the separate ^state- 
ments later in tl|is section. ) 

Karnlnga and Workln9 
ddftdKlona 

0 - 

According to the College Place- 
' ment Council, efigineering graduates, 
with a bachelor's degree and no ex= 
pefien^e were offered average start- 
4nf salaries of $14,800 a year in pri- 



vate indiistry in 1976; Uirae with a 
mMEer*!, degr^ aQd no e%petiencet 
almost $16,900 Si year, and" those 
with a Ph. p., over S2 1 lOOO. Starting 
offen Ipt those wifth the bachelor *s 
degree vary^by braiich as {shown in 
the jiccompanying taible« \ 



bybmfmh, 1976 



Bmnth * ' 

Aerotisuti€ml ingiri€£ritif . 
C^emteml tnilit^tring. ...... 

CmUenglnseriiig .............. 

Blaetricsi^efif mecHng.. . . . . ^ 

Induitrial etij|in£^ns.....i. 

MaehantaU eagineef iiiy ... 
Metallurgisal ^ginseriiig. 



Average nmFting 

$14,268 
16,212 
I3J64 

14,368 
f4,9M : 

15,600 



In the Federal Government in 
1977, engineers' v^ith a bachelor's de- 
gree and go e%perience could start at 
$9,303 or $1 1,523 a year, depending 
on .their oollege rec ords. Tho sMwIth 
a master's de£jP€€^could 
$1 1,523 or $1^097' Thoie havingV 
Ph, D. degree could begin at $17,056 
or $20,442. The aVer^ge salary for 
experienced engineeri io^he Federal 
Ooyernment was atout $25,900 Irt 
1977, . 

For a 9-month academic college 
year in 1976, faculty members with 5 
years' experience beyond the bmche- 
lor's degree received about $15,150; 
those with 18 to ^0 yean eMperience 
beyond the bachelor's degfee re- 
ceived about $21,150. 4#ee state- 
ment on college and university teach^ 
ers elsewhere in the Handboak.) 

Engineers can expect an increase 
in earnings as they gain e^^perlence. 
According to an /Engineering Man- 
power Commission survey, the aver- 
age salairy for engineers with 20 years 
of experience was $26,000 in 1976. 
Some in management positions had 
much higheD earnings. 

Many engineers work indoors in 
ofnces ana research laboratories. 
Others, however, spend time in more 
active work— in a factory or mine, at 
a construction site, or some other 
outdoor location. - 

Souraea of Additional 
Information 

General information on engineer^ 
ing careers^-including engineering 



ichool requirements, cbursts of 
study ^ and salaries^ Is my ttilaMe 
from: 

Efigfln^n' Cmifidl for ProfMonjU D«viiap> 
i^cr,i, 34S E*4?th St, N#w Verit, N.Y, 

iMr. ^ / . 

Engineerins Manpow^lCidRimi^mi of 'SAsi^ 

"Vert. H.Y. 10017^ 

NBtioiiid Soeiety of FroTtmional Engi^f €n« 
2029 K Si. NW.» Wathiniton, D.C. 
^0006. ' ^ ./' _ 
^ For information about graduate 
study, qonttbSt: 

AmtHm iaeieqr IngiimHng Edu^tioii# 
One tfupont Circle, SuiU 400, Washins'' 
, ton. D,C. 20036. 

StcmiU^. rf pmonting Ite' Individ-, 
ual branches of the angintering pro- 
fe^ion are listed later in.thja chapter. 
Each can provide information about 
careei^s* In thie particular branch. 
Many other engineering oi'ganiza^ 
tlons are listed in the following publi- 
cations av^allable in most libraries or, 
from the pubnsher: 

DiMctpry of Efigineering So^itlUs, publiihed 
by Engiiiat^ Joint Council, 345 E, 4?th 
$t, maw York, N Y. 10017, ' 

Scienti^ T^hmic^ Societ^M of rAs# Unit^ 
StMi and C^rkuia, publiihad by the Na> 
tional Academy of SeUnceii'NatioiMl Re^ 
seireh Connoit, 2101 C^nttitutton Ave., 
NW., Washington, DiC, 204 IS, 
Some engineers are members of 
labor unions. Inform atioin on eng|^ 
neering unions is available from: 

Internaticnsl Fedsration. of Professional and 
^ technical Enginee^H 1 26 i6ih %i. ^W,r 
Wtahington, D C. 20036. 



AEROSPACE iNdlNEERS . ^ 

(D,O.T. 002,081) ' " , 



Naturt of th« Work 

Aerospace engineers design, de^ 
velop, test,'' and help produce com^ 
merciM and military aircraft, mis- 
siles, and spacecraft. They play an 
important role in advancing the it^t& 
of technology in commercial avi- ' 
ation, defense sysfems, and space ex- 
ploralion. 

Aerospace engitieers often special- 
ize in an area of work like structural 
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A«fti«p«^« •nginMr sfivckiiig out pmn &I m ppae«e^fL, 



design, nayigational guidance and 
control,^ instrumentmUon and com- 
niunication, or produdtton mettiods. 
They also may ipQcialize in Zona type 
of aerospace product such as passen- 
ger planes, haricopters, satellitei, of 
rqckeU, ' 

^ Pla€«t mf Emplbyifi«iit 

About 50,000 aerospace engineers 
werf employed in 1976^ mainly in 
the aircraft and parts industry. $ome 
#ofke^ for Federal Covernment 
Hgen^i^s, primarily the National 
AefDnawics and Spac^ Administra- 
tion andj^he Department of Defense. 
A few worked for commercial air- 
lines, congultini firms, and golleges 
and 'universities, 

Emplciymtnt Outlook 

Employment of aerospace engi^ 
neers is expected to grow more slow- 



V 

ly« than the ^average for all oeeupa^ 
irons thrdugh^ the mid-i980's. 
BmplojAtient^tif aerospace engineer 
is largely det^ffTnined by the level of 
Federal eitpeitditurei on defei^pe and 
space pfoirams: . in th^ past, rapid 
chanjes in spenifuig levels have usu- 
ally been aocof^anied by sharp em- 
ployment fluclQations. ExpendiUres 
for 4he spaee program are exacted 
to inbrease only slightly from 1976 to 
^e mid- l980's, while defense spend^ 
ing will probably increm moderaM^ 
ly. Although few jobs will be oremd 
by employment growth, many wofrk- 
ers will be required to fill openings 
created by deaths, retiremenU» and 
transf^ra of workers to other ocoupa^ 
tions: (See introducto^ section of 
this ehapter fcvr diseunien of 'Milling 
requirements and earnings. See also 
statement on^ aircraft, missile,, and 
spacecraft manufacturing eliewhere 
in the Handbook. ) 



hmmtmm li^taite^ Aemwilte and Ailfi»- 
mutiei. be., il9irAveau« of the Aiatr- * 
Im, Yoiii, N.V, 10019, — 



ASmCULTURAL 
l|l6INeiRS 

(D.O.T. 013.081) 
Naturadf tti« W9rii^ 

ehbiery a^d ^uipraent, and devtlo^ 
methods to improve effi^ianoy III the 
produ^tie^^^ocestagt and distribu^ 
tiOB ctf food and crther agrieultaral 
prMi^U. l^ey ^so are ooa^med 
wi^ Ae eo^^ation Md manage- 
ment of eaergy« soil, and water re- 
soura^, Agrlcttltuial engiiieers work 
is reseacch and developmtnt, pro- 
diiotion, sales, or management. 

Plaest of Imployfflent 

Most of the 12,000 agricultural 
engineers employ^ in 1976 worked 
Tor manufaeturers of farm equip- 
ment, electrtc utility eompanies, and 
distributoii of farm equlpmeot and 
supplies. Some worked for eagsaeer- 
ing coniultants who supply services 
to farmers and farm^related Indus- 
tries; others were indepehdent eon- 
sultants. 

About 450 agrieultufml engineers 
are employed in the Federal Gove ra- * 
ment, mostly in the Department of 
Agricultufe; some are employed in 
colleges and unlversitites; and a few 
work in itate and local governments. 

Eifipkiyment OuttMk 

Employment of agricultural ^ngi^ 
neers is expected to grow futer man 
the average for all occupations 
through the aiid-1980*s. Incriaslng 
demand for agricultural producta, 
modemizatian of farm operation^ 
increuing emphasis on conservation 
of resources, and the us<| of agricul- 
tural producu and wastes'#s ^dustri^ 
al raw materiils should provide addl^ 
tional opportunities for engineers. 
(See intrpductory part of this section 
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ftour^M or AddMonai 
Infumiateii 



otit of th€ inmjof engineering diicu 
plinat (meQlianleaU eltctiigaU Indus* 
Irial, or ctiifnical) In addhlon to spe- 
cialist^ biomedical training. 



PliiPta m\ liiplciyifiant 




Society of Apteultui^ Engineen, 
2950 Niks Rd.. St. Joieph« Mick. 49085!^ 



BIOMEDICAL ENGINEERS 

Bi&mcdieml tDgiitiefi us€ engi^ 
nearing primipUt' to lolve medical 
tad tiealth-related probleifts. Many 
do resaaroht alon| with life scientists, 
clieniiitSt and members of the medi- 
cal professiont on the engiDtering as- 
pects of the bialogieai syitams of 
man and animals. Some design and 
develop miedicai )lEistruments and de-* 
vices including artiflaial hearts and 
kidneys^ lasers for surgery » and pace- 
mikers that regulate the heartbeat. 
Other biomedical engineers adapt 
cafnputers to medical science » and 
design and build systcmi to modern^ 
ize labofatory, hospital, and clinical 
procidiifes. Most engineers in this 
field require a sound background in 



Ther^ were about bicmtdi^ 
cal engineers in 1976, KfOit teach 
and do re^arch In eollegei and uni- 
versittes. Some work for the Federal 
Governin^nt, primarily in the N^^ 
tional Aeronautics an^ Space Ad^ 
mtnistr%tian, or in State agtneiei. An 
tncreaiiiig nUEtiber work in private 
industry developing new devices. 
, techniqi^eSi and syateihs for Itnprov^ 
ing health cam. ^oine work in sales 
ptisitians. 

Bmpto^mcnt Outlook 

Employment of biomedical engi- 
neers is eiLpected tQ gro^ falter than 
the average for all occupations 
through the mid4 980% ^ut tte<a€tu- 
al number of openings is not likely to 
be very large. Those who have ad- 
vanced digrces will be in demand to 
teacH and to All Jobs resulting from 
increased' cscpenditures for medical 
research^ Inc|eased reiearch funds 
could alio create ne^ positions in 
instrumentation and systenis for the 
delivery of health ^rvices,^ (See in- 
troductory part of t^is chapter for 




infomnation on trainil^ ri^ulremenU 
and earnings.) ' 

$eur(pi# 0f AdtfjMenal 
InfiimgHoii 

Aillan^ for Bngin^triiig in Med^liie and BtoU 
o^, Suite 404, 4405 EM<\¥eit Highway, 



Biomeaioai Englfmii!^ ^^litj^. P^O, Box 
2399, Cut^rar City, CUir 90330. 



CERAMIC ENGlNiERi 



Maiiy bfemtdleal tnglnatfrs ar* tnvd|v«d Ifi rvMflfeh. 



Natiire of th« Wwk 

Ceramic jgngineen develop new 
cerafnic ma^riaU and inathod&^^ri 
making cerartiic materiali into use^? 
products, Althou|h to some, the 
word ce rani ICS means ^ottery^ ce- 
ranycs actually include sit i}6f||netal^ 
lie, inojganic materials which require 
the use of high temperature In their 
processing. Thus, cfprmmic engineers 
work on diverse products sucfk as 
glassware, heat-resistant materials 
for hirnacei, electronic components,^ 
and nuclear reactors, They also de- 
iign and supervise the construction 
of plants and ei^uipment to manufac^ 
ture these products. 

Ceramic engineers generally spe' 
cialize In one product or more ^ for * 
example, prciducti of refractories 
<fire^and heat-resistant ntaterlals 
such as firebrick); white^ares (por- 
celain and china dinnerwar^or high - 
voltage electrical insulators); struc- 
tural materials (such as bricks tile, 
and terra cotta); electronic ceramics 
(ferritea for mitnary syitenns and mi- 
crowave devlcei); protective and re- 
fractory coatings for metals; glass; 
abrasives; cement technology; or fuel 
elements for atomic energy. 

Plaaat of lmplefm«nt 

About 12,000 ceramic engineers 
were employed In 1976^ mostly in the 
stone, clay, and glass industry. Oth- 
ers work in industries that produce or 
use ceramic products such as the iron 
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Mast a«raini€ «hglri«ttrB trt •rnpler«d In th« fttdnft,€lay« and glaai Ingust^. 



and steel, electrical equipmenti aero^ 
space, and chemioals industrieL 
Sdme are in colleges and universities, 
independent research organizations, 
and the Federal Government. 

i 

Employment Outleok 

Eifiployment of ceramic erigineers 
is expected to^ grow faster than the 
average for all odcupaiions through 
the niid'l980's. Programs related to 
nuclear energy, electronics, defense, 
and medical science will provide job 
opportunities for ceramic engineer.s, 
Additional ceramic engineers will be 
required to imppva and a^pi tradi- 
tional ceramic products, such as 
whitewares and abrasives^ to ne^ 
uses. The devalopmtfnt of filters and 
catalytic surfaces to reduce pollu^ 
ti6n, and the development of ceramic 
materials for energy conversion and 
^conservation, should create addition^ 
al openings for ceramic ehgineers 
(See introdactory part of this section 
for information on training require 
ments^nd earnings J 



Sources of Additional 
Inforination 

A^mErjcan Cefamic So^ety, 65 Cerarnic Dr=, 
Colunnbys, Ohio «aM 



^ CHEMICAL ENSINIERS 

( D.O.T. O08.a81 ) 

Natijro af'th® Work 

Chemical engineers are involved in 
many phases of the production of 
chemicals and chemical products. 
They design equipment and chemical 
plants as weW as deterinirie methods 
of manufacturing the product. Often, 
they design and operate pilot plants 
to test their work and develop chemi- 
cal processes such as those to remove 
chemicul contaminants from waste 
materials, Because the duties of 
chemical engineers cut across many 
fields, these professionals must have 
a working knowledge of chemistry, 
physics^ and mechanical and electri- 
jul cngirtee ring. 



This branch of eniltiiaring is iO 
diveriified and €Ortip]ex that dhaini- 
cal enginf frequently specialize In 
a particular operation such m oxida- 
tion or poiymeriEEtiDn, Othtrs spe- 
cialiEe in a particular area such as 
poliution ^control or in the^ pFOduC' 
tiori off a specific product like plasties 
or rubber, ' 

PlaoM of EifiMdym»ffit 

Kfost of the 50*000 ehemlcal engi^ 
neers working in 1976 wereinnianu- 
facturing industries^ priniarily those 
producing chemicals, petroliuin, and 
related products. Soma warkcd in 
governnient agencies or taught and 
did research in colleges and univarsi> 
ties. A imall number worked fcr in- / 
depenqent research ifistitutcs and en^ 
gineering consulting firms^ or as « 
Independent Qonsulting engitieefs, ' 

Eraploymsnt Outlook 

Employmint of chen^ical cngi- 
neeri is exp^c^d to grow about as 
fast as the average for all Qccupations 
through the mid- 1 980's, A major fac- 
tor undarlymg this growth is industry 
expaniion — ^the chemicals Industry in 
particular. 

The growing cornpleKity and'auto- 
mation of chemicarprocesies re- 
^i\re additional chemical engirieers 
^to design, build, and maintain the 
necessary plants and equipinenc. 
Chemical engineers also will be 
needed to solve problenis dealing 
with environmental protection, de- 
velopment of synthetic fuels* and the 
design and divelopnient of nuclear 
reactors. In additioni development of 
new cheniicals used in the rnanufac^ 
ture of consumer goods, suchasplas^ 
tics and synthetic fibars, probably ^ 
will create additional openings. (See 
introductory part of this section for 
information on trainin| requirements 
anffeafnings. See also the statement 
on chemists and the industrial chetni' 
cal industry elsewhere in the Hand- 
hook -. ) 

Sources of Additional 
Information 



American Institutu of Chefnical Eti 
[ 



345 Rast 47th Si , New York. N.Y 
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CIVIL ENGINEERS 

(D.O.T. 005.081) 

Nature of the Work 

Civil engineers, who work in. the 
oldest branch of the engineering pro- 
fession, design and supervise the con- 
structioD of roads, harbors, airports,, 
tunnels, bridges, water supply and 
sawage systems, and buildings. Major 
specialties within Icivil engineering 
are structural, hydraulic, environ- 
mental (sanitary), transportation (in- 
cluding highways and railways), geo- 
technical, and soil mechanics. 

Many civil engineers are in super- 
visory or administrative positions 
ranging from supervisor of a con- 
struction site ^o city engineer to top- 
level executive. Others leach in col- 
leges and universities of work as con- 
.Huitants.- 

Flaees of 1 mployment 

About 155,000 civil engineers 
were employed -in 1976= Most work 



for Federal, State, and local govern^ 
ment agencies or in the construction 
industry. Many work for corisulting 
engineering and architectural firms 
or as independent consulting engi- 
neers= Others work for public utili- 
ties, railroads, educational insthu- 
tions, and manufacturing industries. 

Civil engineersV^ork in all parts of 
ihf country, usually in or near major 
industrial and comniercial centers. 
They often work at construction 
' sites, sometintes in renioie areas or in 
foreign countries. In soine jobs, they 
must often move from place to place 
10 work on different projects. 

Employmont Dutlaok 

Employmyni of civil wgineers is 
expected to increase about as fast as 
the average for all occupations 
through the mid=l980*s. Job oppor- 
lunities will result from the growing 
needs for housing, industrial build = 
ings, electric power generating 
plants, and transporialion system.s 



created by a grovving population and 
an expanding economy. Work relat- 
^ed to solving prGblerni of environ- 
mental pollution and energy ielf-suf-« 
^ ficiency will alio require idditional 
civil engineiri. 

Many civil engineers also will be 
naaded each year to replace those 
who retire, die, or transfer to other 
occupations^ (Si^ introductory part 
of this section for Information on^ 
paining requirements and earnings^ 

Souroet q| Addltlanal 
Inforinatidn 

American Society of Civil Englneen, 345 E, 
47lh St., New York, N.V. 10017. ^ 



ELECTRICAL ENGINEIRS 

(D.O.T. 003.081, .15^1, and .187) 

Naturo af tho VTbrk 

Electrical engineers design, deveU 
op, test, and supervise the manufac^ 
ture of electrical and electronic 
equipment. Electric equipment in- 
cludes power generating and trans- 
mission equipment used by electric 
motors, rnachinery oontrols, and 
lighting and wiring in buildings, and 
in automobiles ard aircraft. Elec- 
tronic equipment includes radar, 
computers', communications equip- 
ment, missile guidance systems, and 
consumer goods such as televisions 
and stereos. 

Electrical engineers generally spe- 
cialize in a major area — such as inte- 
grated circuits, computers, electrical 
equipnient manufacturing, commu- 
nications, or powar distributing* 
equipinent-^or in a subdivision of 
these areas— microwave communi- 
cation or aviation electronic systems, 
for example. Electrical engineers de- 
sign new products and specify their 
uses and write performance require- 
ments and maintenance^ schedules. 
They also^ test equipment, solve oper- 
ating problems* and estimate the 
time and cost of engineering proj- 
ects. Besides employment in re- 
search, development, and design, 
many in manufactufing, adminis- 
tration and managenienti technical 
sales, or cxsllegc taaching. 
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Plaets of Employment ; 300,000 .elactfical eniinears were 

employed "in 1976, mainlj by inanu- 
Electrical engineering is the Iargp?it facturers of electrical and electropiic 
br^ch of the profession. About equipment, aircraft and parts, busi- 



=ness machines, and profeastbnal and 
*^eienti(ic: equipnient. Many work for ^ 
. teiephcnt, telagraph, and alectrio 
' light and power coiiipanies. Large 
. numbers are imployad by govern- 
n\mnt agiincbi and by colleges and 
univarsitifs. Qther^ work for con- 
struction flrnii, for .engineering con- 
" sMftants, or as indapendeftt consult- 
ing engincars, 

impldyifionl Outlook 

Employinifit of electrical engi- 
niers is axpacted to increase about as 
fast ai iveragi for all pccupations 
through the iTiid-1980's. Although in- 
creaied deniand' for gomputerSt com- 
'munications, and military. eiectronics 
is expected to be the major contribu- ' 
lor to this gro%vth, -demand for elec- 
trical and altctronic consumer 
goods, along with increased research 
and deMelopnitnU in new types of 
power geniraticn, should create ad- 
ditional Jobs. Many electrical engi- 
nepers also wilHbe needed to replace 
perBonnel who icetire, die, or transfer 
to other fieldi of work. 

The long-range outlook for electri- 
cal engineers is based on the assump- 
tion that dafense spending in the 
iTiid-1980's will increase from the 
1976 level, but will still be somewhat 
lower than the peak level of the late 
1960 's. If defense activity ishighefor 
lower than the projected level, the 
deinand for electrical engineers will 
be higher or lower than now expect- 
ed. 

(See introduetary part of this sec- 
tion for infcrmation on training re- 
quirements and earnings. See also 
statement on electronics ^manufac- 
turing elsewhere in the Handbook.) 

Soureas ^Additional 
InTdrnnatlon 



Institute of Electfieal and Electronic Engi^ 
neers/Uniiad Statei Activities Bsird. 
2029 K St . H^W., Waihington, D C. 
2000fe. ^ 
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INDUSTRIAL ENGINEERS 



(D-0,T. 012.081, .168, and .188) 



Nature of the Work 



op ^waga and salary administration 
syiterns and job evaluation programs,^ 
Because the work ii closely relatad, 
inany industrial enpnears move into 
managemant positions. 



Plaets Of Employpisnt 

A^bput 200,000 Induitrial Wgi» ■ 
n^ers were employed in 1976; more 
than two-thirds vvorked in fnanufac--' ■ 
turing induitrias. Because thetr skills 
can be used in almost any type of 
company, thef m mqra^Wl^el^ dis^ 
tributed amdng industries than are 
tllsme Jn othet/branches of engineer- 
ing. For example, ^me work for in-^ ;" 
surange eompanies, banks, const^c- 
tion and niining firms, and puoiic 
utilities. Hospitals, retail organiza- 
tions, and other large business firms 
employ industrial engineers to im* 
prove operating efficianay. Still oth- 
ers M^ork for government agencies 
and colleges and universities, A few 
are independant consulting engt- 
nefrs. 

^ Enplaynient Outlook 

Eniployrnent of industrial engi- 
neers is expected to grow faster than 
the average for all occupations" 
through the mid-1 9iO's. The increas- 
ing cptnplexity of industrial opera- \ 



.Industrial engineers determine the 
most affective ways for an organiza- 
tion to use the basic factors of pro- 
duction—people, machines, §nd ma- 
terials. They ara more concerned 
with people and methods of business 
organization than ara engineers in 
other specialtias who generally ara 
concerned more with particular 
products or processes, such as met- 
als, power, or mechanics. 

To solve organizational, produc- 
tion, and related problems most effi- 
ciently, industrial Engineers design 
data pfocessing systems and apply 
mathematical concepts (operations 
research techniques). They also de- 
velop management control systems 
.to aid in financial planning and cost 
analysis, design production planning 
and control systems to coordinate ac- 
tivities and control product quality, 
and design or improve systems ^for 
the physical distribution of goods and 
services. Industrial engineers also 
conduct plant location surveys, 
where they look for the best combi- 
nation of sources of raw materials, j 
transportation, and taxes, and devel- ^ 
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' ^ns and the t^aniion of automated 
pro€€isai» along With industry 
growth, art fi^tofs Gontributing to 
employniiiit gtrowth. ^ Increasid r#c- 
ognitlon of th€ importance c^icien^ 
tific management and safety engi^ 
neering In reduoing eosts and 
inerf asing productivity^ and the need 
to solve environi|ieiital problenis.S 
should create mdditioiial oppoituni'' 
ties. , ^ , \ 

Additional numberp of ^ industrial 
engineers wiU be required each ''year 
to replace those who retire, diei or 
tracer to other ocQiipations. (See 
introductory part of this section for 

^ Infomiation on tfaining requirements 
and earnings.) 

SouroM of Additional » 
information 



Large ' numt^rs at mmch^ic^ en^ 
giniers do reiaarch, test, and d&igii 
work. Many are adihinUtrators on 
mMagers, whiU athers xi^ork in main- 
'tenance, t^chnicgil salei^ and pr^uc^ 
tion operations. Some taach in cqI- 
legai and universitiei^Gir work at 
consultaiita. \ 



PipMS nf in^ployrfittnt 



Atnerican Inititute of Industrial Engineers, 
^ Inc,, 25 Tichnolaiy Park/Atlaiita, Nor- 



. MICHANICAI. ENGINEERS 

(D.O,T. 007,08^, ,151, .16§, and 

^ Naturo of the Wofic 

Mechanicil ^engineers are Qon- 
cemed with the production, trans- 
missfon, and use of power. They de- 
sign and develop power-productng 
machines such as internal combus- 
^on engineSt steam and gas turbines, 
and jat and rocket engines. They also 
design and develop power-using ma- 
chines such as refrigeration and air- 
conditioning equipment, elevators, 
machine tools, printing presses, and 
steel roHing mills, 

IHie work^^of mechanical engineari 
varies by tndVstry and function since 
many specialties have developed 
within the field. Specialties included 
are motor vehicles, marine equip- 
ment, energy conversion systems, 
heating, ventilating and air-condi- 
tioning, instrumentation, and ma- 
.chines for^specialized industries, 
such as petroleum, rubber and plas- 
tics* and construction. 



About 200,000 mpchaiiiQal sngi- 
ne^rs were employed In 19?€. \U 
mpstihree^fourths were iniployed in, 
mMufactiitiag^iiiainly in th^ prlma^ 
ry and fabricated metala, inachiiiery, 
transportation equipnieiit^ and alec- 
trioal equipmeiit industries. Others 
worked for governinent asetiaiea, 
educational initltuticnsi and consult- 
ing engineering firnii. 

Emptoyntpni Qutlaok 

Employment of niachanical §ngi^ 
neers ii expected to Increase abcutas 
fast as the average for all occupaticas 
through the niid-I9&€'i. The grow^inj 
demand for industrial rn^^chin^r^ and 
machine tools and the iiiereasing 
compleicity of induatriat hnachiner^^ 
and processes will be major factors 
supporting increaied empleynient 
oppcrtunities. Mechanical eniineers 
will be needed to develop new ifier|^ 
iystemi and to help ioKe envircn^ 
mental pollution probl^ni's. 

Large numbers of ineQhanical en- 
gineers also will be raquirftd each 
year to replace those whc^ retire^ die, 
or transfer to other occupations, 
(See introductory part of this saction 
for information on training requiri-. 
tnents and earnings. See iJso state- 
ment on occupations in the atoiiiis 
energy field elsewhere in the Hand^ 
book ) 



Souroea of Adtfltl^nil 
Inform ition 



Ths American Sdcimty or Nfcc^aflical Engi- 
neeri, 345 E= 47th St^.NewVork. N = Y. 
10017, 



MiTALLURQIGAL 

Nituf* off Wfi^rk 

MetallUf^^al eiigtiiieim develop 
metfiodi to pftem arid convert niet- 
ali into usaful products. Moit of 
theie eaiiiiee^ giaara% wrork to 
one of tlie tSitm miin braii£h€S of 
mctallurgy^^x^ftStlY^ or cMnnical, 
physiealf and mccfeuiieil, Extractive 
. inatallurgU^ are ^Uiimeil.wa e^i- 
tra€ting ni^tab from oreSi and cifln- 
ing and allo^^ thiin' to obtain use- 
ful iQetal. Ph^ical inetallur|iats deal 
^ith th€ nature, itructurei and ph^^ 
laal prcpertl0l of naetaU and their 
anoyi, an^ vith methods of ccm^ett^ 
ing Fefl^^ Qt0t&ls UAtc flnal prodtie^p 
Neclianica] gnetallufglMs develop 
ntelii^s to w^rV and %h%p% metals 
suah as ciutini^ fovgingi folliia|, and 
drawing/ SQleiitli^ working in this 
field are Icno^ti as inetallur^tt cr 
mataraJs s&iertU^, but the distinct 
tibii between scientists and eAgineeri 
in thii field ]§ small. 

Plict3 i)f ifiiploynnvnt 

The metalw^rkifii in^stHeS'^pri^ 
mari]^ thm irm wd steel and ncnfe^- 
rem mctAls industries^eriipl&yed 
over one-lialf of the eitim&ted 
1 7,CO0 metallurgieal atid materiUi 
enginfirs in 197€. Metalltirgieil en-^" > 
gjneen also werlc In industries that 
naitufaeture fiiachii&er^, ileatrical 
equipinent, and aifcraft aM partSi 
and in the minitig industry. Some 
^ork for i&vemnent aieneie^ and 
colleges and utiiyilrttii»t> 

E mpl^jf itiant Outlbok 

Employrnent of tnetallufgical and 
ntaterlals engineers is 'esspeeted to 
gro^ faster than the average for all 
OQcupatieiii througli tfea- n^l9IC'a., 
All increasing iiuntber of thesi mgu 
naers will be needed \y the inataU 
wQr^ing industries to devilcp new 
metali and alloj^s as well as tc adapt 
current ones tc7 n^yy needs. F^r cx- 
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MINING ENGINEfRS 



aflnple, aonnmunications equipment, 
computers 9 and spacacraft require 
lightweight metals of high purity As 
thm supply of high-grade ores diniin 
ishes, more nietaliufgical engineeri 
will be required to develop n^w >v^ys 
of recycling solid waste materiali in 
addition to processing iDw-grade ores 
now regarded as unprofitabls tu 
mine. Metallurgical enginears ^Uo 
will be needed to solve problems as- 
sociatad >vith the efricieni use of nu= 
ciesr energy. (See introductory part 
of this section for information on 
tfaining requirefnents and earnings. 
Also see statenient on the iron and 
fteel industry elsewhere in the tfand 
tfook.) 

Soureei of Addiiii^oBi 
Information 



Thi Metallurgical Society of m« Ain. 
Iniriiyte of Mining, Meti|lMrgii.^I , anU 
tfDl€um Engineers, 34S E. 47th St ^ New 
York, N Y. 10017 = 

Afneriqilli Society for MetaiSi Metals Haik, 
Ohj© 44073. 



(PO I 010.081 and .187) 

Nature of the WorN 

M tiiiik^ engineers find, extract, and 
prepare niinerals for manufacturing 
industries to use They design the 
layouts of open pit and undf rground 
mines, supervise the construction of 
mine shafts and tunnels in under^ 
ground operations, and deviie meth^ 
ods for transporting minerals to pro- 
cessing plants. Mining engineers^ are 
responsible for the economic and ef- 
ficient operation of mines and mine 
safety, including ventilation, water 
supply^ power, coniniunications, and 
equipment maintenance, Sofne miri' 
ing engineers work with geologists 
and nietaliurgical engineers toJocate 
and ap^^ise new ore deposits. Oth- 
ers develop new mini^ equipment 
or direct mineral proceismg opera- 
tions, which involve separating min^ 
erals from the dirt, rocks, and other 
materials they are rnixed with. Min- 
ing engineers frequently specialize in 
the mining of one speciric mineral 
sueh as coal or copper. 



With Incregiiid erriphasii on pro^ 
tecting the environment, mmny mw- * * 
ing engineers havi b«ftn working to ^ 
solve problem^ relate^ to mifted^land 
reclamatiDi! arid wat^rari^ politic 
tion. 

Plants «f Ernplo^mvnt 

About 6,000 miffing engirieers * 
were employed in 1^76. M<3St ^drk 
^in the mining Induitty. Sortii ^ork 
for firnis that product eqtiipfiierit for 
the itiinin£ irtdustry ^ whlla others 
work in dolje^es and universities, in 
governmetit agmcias. Of as indepen* 
dent consultants. 

Mining englBeen »ri tJsuiilly em* 
ployed at the Iccation of ^iriiral de- 
poiitSf ofteii n0if small comniunities. - 
However, tho#i iii research, teach- 
ing, management^ con^ulting^ or sales 
often are located in l^rge metropoli- 
tan areai, 

Ei!\ploym&nt ^utlooi^ 

Employnnant of milling epgineeri 
is expected t<^ increase faster thafi 
the avariigi for alj^ occupation s 
through the rtiid^ l98^'s. Efforts to 
attain energy self-iufficiency should 
spur the demarid fcr ^oaU an^ there- 
fore for milling in gineers in the coal 
industiy. The increase in dernandfor 
coal will depend, to a ^reat esc tent, on 
the avail abiiity and price of other do- 
inestic energy sources siioh aspetro* 
leurn, natural pas, and nuclear ener^ 
gy. More technolcgically advanced 
mining systems and further enforce- 
mem of niire Health aiid safety r^gu- 
k4ie!^ also will inorease tlie need for^ 
mining engineers, In add itiorii explo- 
ration for ail other nninetals is also 
increaiing. Easily niin^d deposits are 
being depleted , creating a need for 
engineers to devise fnore efficient 
methodi for minifig lew-grade ores. 
Employment opportu cities also will 
arise as ne^ alloys and new. uses for 
metals increase th^ demand for less 
widely used qr^s. Recovery oi metals 
from the sea arid the development of 
oil shale depopiti could present tna^ 
jor challinges to the mining' engl* 
neer, (See intrcdiiito'y part of this 
section for information on training 
requirements and earnings, See also 
statement on mining elsewhere in the 
Handbook) 
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Places of Einpiaiym^nt 

Abcnjt 2(),(><)() ptjtmic wrn q iigineerH 
wt2re employe <] in 1^76, moKClyinihe 
pe traleurri industry and closely allied 
fields^ Their «^mpl4)yurs ihcludenui 
on ly the. majcir oil compunieH, hut 
a 1^0 the h undri^ds c?t Nmi*llur i tide pen- 
dent £)il cxploratic> n anci prc3duc^>n 
ci>Jiipanit;s 1 hiuy alM) work fur 4^0 m 
psinics I hi ill pfudut^u drilling ut^uip' 
mfcSni uiid suppjics Suitii; ptjtfulcuni 
yn^ni^yfj^ work \\\ haiik.h and i.Jlher 

' rHiaiiiJlal Mlh tllu 1 1 oiih ^lilw h licyd 

ue qF oil ^4nd gas properties A small 

iiu*til>i:i v^ui k iur cngiiitcii^Jg tuii 
hul ^illg tli His tj^i ah Hide jjciidtf nl i^Oti 
sill tiiigcu^lnc^i^i tiiid U>£ ifiG VcJeii*! 
ufttd State govtjrnin^nis 

(he pc ifalc ■Jill c iiglnw i.i .1 v^wik li^ 

ga?* ill *L U^iNUJ MlllUSl I tlltC iiHillKis 

of all |,et foly i^3iti u rigifiii <;rs ^^ic trn 
plvj yei.! In llic )ll j>i i)diiciii| SitalwS i>t 

(aIiU>in]u lU^it nKUiiy Anicil 

Cat^ p*ift,^uiirti tii^liictji** worHing 
uvti i^t*!^ I i! oil [MiiUsiLiii^ i,,4> *int f 

thtlSl I. tlsa^C tvi I till t)i.LLl#'ftl til*? 




ii. ! ! I 1.^ it t i-, li link 

i. ,,u . 4, i ' - i i Mi. . 

..n. . . ii, . ..... I , , 

.1 ili , J> I IMI il : I I.* 1 . . [J \i 

,^ 111. : i i \. Hi.. 1 ii.^ ^li lilJ lis i 



<!>[> |>ll^_.-:i (jiilt.- UN I ^ liil iiiiiiiiiil 

111,.. - Ui t-T ^Uli Jt,^tl;>, ..Uiil t 1 ^w. 

S!h plU!.;. Ill*, i *:iS^k I CM iphl?^ ttti 

■iij.i ^. h M \ . K ti^ i i itlln ill 

I . .li. (..I Oiiuili. tin i .t ' *>tlNK !U i>il 

Ui^- I,. .UMh ^^lll v. .fill I t i'ltlt, III 



L ill. 

! I, . 



^Ui.li ^4., nvtt?5 i ijufc^ ill t tf uJii t 'iM ) |J5i!l tills 



Ii ..Hi^ . ll I : t 3 n. J , 

^-ill , I U f I I I 1] , .11 I M 

. . i r . 1 >. I. * . , . ^ 

M . 1 |. , , ( - Ir-, . M <. 1 , . 



.•t. ih..^ tiil lilt tJMki^ 4:luil 4ji! ifiiLiihg 

^« . , ^ . ^ ^ ^itJinl > » 
iiift hi Ek lii>f| 



I. . nil. 1 I s,.. 
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(1. .11 ill . i \ , ^ li 

. 1 t ' t fe. I , . il a, id I I a i J 

u , (I II I 1.^ . 1 1 |rih « h t= «, ik i . W ( 

Ilk illt, L 1 1 i I i 1 I 

■ [| «^ la , , ' i I J . 4 . . M ' . 

Iv^uiiii4^3 li_ kpia. L tJ 1 ; MM> 

Ltisl I h, y i*pci*4(i. (lilt 



j ' > ' ^ k > k tl ^ , . I / i , , li I >> t t > i, 

i!ui,,4hJ |iki...t.ii iUtil \> ! ki.li; 

f*h«' = !v- hi jiur^tlr* lilt- / - U I hiilt ul 

j!k...«iiMi i Viikilt ihktikL. 

j i » I i , i .|L^ t J lil^'^ll i il I 4 3Ui>J I' ; . , 

- iv* Uk I li mi- *.l .lii i iMuy 

>>' ilt Ml^ ^^ktj It-^^i^ Uu^l 

\>\' tj i_ ,k I lU .k( ^fltLi tltt. 

iil' i I li ^ d I !il k fil^ it^. 

>ii . i i kt i ^ . ,W . M 1^ > I Ul. ^. 4ii I Ji , 

> -1 t 1 1 i. I . < > I 1 li iCi 111 k|>.. lu! t 

. . 4 I I > I 4 I I ^ i J • *. 4 ! . 1 * ! V M ! I C I i 

■■- . t ill liii ^ . '^iLklitHi ^ :i J til i. i 

Iiitvi i > iiu' i I ._Mn i f i £ i(t i ickh^ii 
lafi i lu * ,k i 1 I •-: i U.Ag lig alg 

Ik-i . ■ I ,k .1 I ^ 1 «, ijf H< i . il t)| . l \ I I illl^ ill i I 

I fe- k ' J) t. k i I 1 i> !i /^i - < - - ^1 M , 



(ec'hnicians %G\ up, niaintain, and re = 
pair electronic broadcasting equips 
mem 4 ud io co n t ral techn ida ns re gu - 
late sound pick up, tiansm Usion, and 
switching, and^ video controi techni- 
cians regulate the quality, brightness, 
and contrast of television pictures. 
The lighting ul telev.isiun prugrams is 
difccled by Ughting teihnutans . For 
prOgraiTis ongiriating uutside the stu 
diu>/it'/e/ lechrticiaris bet up and oper / 
at«S bcuaUt;ii5ting equipnicni. Recordf 
in^ (ifthfiU iiifii Operate and niitilUfiin 
auuiij^ re<^tjidiii^ ec{ulpiii^nt, *^id^u 
Ci/Fiiiti^ iei.h r\ii.i£iH s Operate and 

maintain video tape r^ord ing ei^uip 

ineiU S «-!ti id Ink tnc t€! iii 'c^iigi 
iic^f' la substi tij icU till " te4;hiiiwiao 

HIa^Ss ^ Ikl y III ^ I I I 

^.1 i,(L £Z .^Ui. Lii ij^U*^ i4^»i 1. 4 . 
. v^t't ciupi.i'^ed in iq ih uiui 

lclevijUii\ Siitlufi^ ill iy7o fv1u5.t la 

t CL. i'ii 1 £l!l ^ £l|t lu-» if^ti iX 1^%^ 1^1 

tjiits hii^^c I., ^ic didii I i) NtfcMy all 
broadcast techn ici an an J iHohc in 

Ifli^e Hi ell up 4j| 1 Id II ti>C£i.^ av^ii. j^s^ 

stjv^ui _U> 111 dUUlilii^, U> lit . 

Uidii^ bKfi'ii^ siipci vi&,.i y p*^! .itJii lit I 

Wllh J b illii ) au*^fl i!S i^h,,;t tJi^llits^^ 
K^ii ^iii^i^i\n >j| i; I igi Lkc; I Ul g ^'^^ ui h In 

Althuugh HfijadLa.sl i.*,!^ ■ ..^ 

..^ i ^ *=|lljj|4.)y j Ilk \ I ^ Jlfciiit ijktjSl 

are located iii uige i.ietlo^^'ditdn 

^lu ■ Iti^ lij^tl- p^^ilk^ tiikij iik(jg| 

£^ J Jut>'^ iit I. ui tk,;£ ,1 U M ■ -ti ill 

iii^u -i L> ^ tl & ijii^iiiHting . ciitQi.3 



I 



( Kadi. It.; ^jti liit. iij 



t , li i 1 ] ! I . n 3 e 1 1 « J 1 1 1 1 1 i € i' e d 1 i 1 1 
i ii4!U:iiil^cill,'iis ^ «Mtinltba|l.ii) 

(i( i ) r-Ji.4ii Iti ^ ic^uifes iliui 

ti I I ) i J i 1 W 1 i 4 J i ) I . E i il . a 5 k j 1 i -l 4 1 t 0 s t 

I bU^UiKitfi^' ui IqI^;. lifl I li ^lutKJhia 

liMksi ji*,.,*! 31,,. ti ii il.^ivit, 1 lit; la\v 

uLuti i^i^iili -3 list, tiii; i.lilc( ^i^^lt cui 

y| ii I 1 UaJ liliy al^iliMll h* Id «i liigt 

Iiw^iisfc I he R T is&ut 9 h I h iid 
rlits C)pe!t^i4M i license (tju aud 
ftiMii4-' .itttltjiia i4;»,,j|i c all d.^M Ls,iiid = 
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ijttl«.j iit thes^ iKt^iia^a A (Jj,^ ll^ lis 

tiJl aU hi C ll^CiJ.^^ Illiisl I MSS ai.iits 

uf \^il4lt;n c ^tif niiidi !u 11^. Thc^ut; t-t*vcj 
v4->ri^li ydl-^>j| ttltd u|=>&ffttiDii 4.>t LtaiA^'i 

[iilbsiisii aiitJ i€4^civiiig c ^iiip ni c i it , 

L ha i a 1 1st t, i>f 1 1 u iiiiltt^i id U; 
W ttV , salliJ i *J^Ulati. Ml3 tS liU p iti.LtU t.ii 
(i 4j I r d ( d I a ii <J 1 . t t i n a t K > i i <j I 

\Affli4^t< ^tiVtllll t'^iiMiJ .j.lllil^ 

A III ilt^ filMfl S^liti* 1 M4Ji 
(llill^lpil till g I. a 4^1 5 lil till, ^^i.,. 

iUifi tjy lid li, 4 and , 1 . Ill 1^ Mii.iiii^ 
lii^ i tiij^ atj Ic iiui.c.. Ct^iii in 

jiTHll^ d 1> I ixiilwa-^ . ft itU..-: la I iiit 

pi^itiry ^ fii pL^y et.'i v^hilc tilling Li 
arc Oil . atalluii 

toi tfkc K<"C III? I t Jti^s lU i^ti!^ ; I I 

i?i an ^dv^/Ufi^e toi ihi^i^c v<tit> h^jp€ 
to ^Uvtiilte to ^upfc . V I y pi>2>t(tuii^ 
01 Itj the iiiOi 4 spi;^ 1 a! . 1 jv.ib^^ iti 
lai ^tdtLilK^ aii.j iii the ncU (mK^h 

who get eriry jobs iti^ in^siru^ttcJ 
an*J advised by ihe whief tngiiiati i>i 
by other eAp«^ rieiiyecJ tc iiKi ^ii s 



t = . » . , « I 5 ! I i ^ ill, ^ i i i k i ! » # i J S V i .4 

thy lUulU^n Li .siiiall slatlona i\iCy 
llia^ ^^La^t h ^iiittn^ the ti ciii.siiiU 

If^i iii\d haflUlin^ ijlhci tc^lkiit^al du 
liii^ att^i a biis^t liisli i.^^l lull |jei!Od 

As tiiey at^quire more EJtpefience and 

.^kltl lh,.y aici~ .L^.!i^lgiled tM litoie i& 
I . .» 1 1> Ic )«,.jt.}. 1 tu^.'^c ^^h-^ den.oii 
^tialt at i\a ^ tiage ^blllly may 
uM'^^i. iiitit Iki IwH^I .tiiil^al ^i^bl 

Iti'li.i Ui^t) a.'f i'^iipi:.! V l^lJl y Lc L^h. , 1^1 j 

in i;hl J In i A t ullfc^c iJcgict III 

cngineciing is be^ tjiiiing iiit reHsinfely 
lii .1 t liiii (id i=iMti^ iii'^nl aupci 
visory and t;XtJCiJtlve positions 

I i t ijlliMU.g, , 

L .-iail) li . i|it^ji>! iii&trij|; ll 

Li .1 ^ . l: \ hci t th . fill n! L of qUu h 
lli u i^sbs'. i^kcia i^xw-ff^d^ ihe nUflibti 
itt 4 ^^i^idn^b it t) piiisp»..ti5 may Lic 
iiL.Uji lit Si!, alls I t-itlcs tui pcujjle 
H Uh d| pr, . pf ia.lti t. dilliiig iti c Ig^lton 

t . I j I . ..-I ,..1 i ... Iii.i 

. ai.,} A pk; ^^t ^ 1 i I ii>^ 1 1 tiSc > . bi»il t 
fast a.i Ui £ iivfel t,^4 fxJi all Ow-t UpatiuilS 
ifiii.ugli ihc iriid hiosil job 

i.jptiiln^., hti-vtvfci ^A-lll li^siijl tiuifi 
the iitsCil lij itipIi.oC t A pJe 1 n_ 4^ t d 
LcwI. iiLv^lai . vsf^o teliic die Uf Ifafi^ 

iicM»-e lie V job oppoi iiMii u„i 1%^* 
i ^linlwl.iiis i II di isc as fie>A^ i ..J 10 
and IcUv lsl ,11 ?,l4jtlun?s gu oii Uic dl r 



Da^iand fur brGadcasi technicians 
also will increase as cable television 
stations broadcast more of their own* 
programs= At the same time, techno- 
logical developments are hkely to 
limit future demand; such laborsav- 
ing lechnical advances as automatic 
programming, autoniatic operation 
loggings and remote control of trans= 
mitters all hold down demand for ad- 
ditional technicians. 

Earnings and Working 
ConditiQns 

3aiait^^ yf beginning technicians 
in commcri^irt radio and television 
rdiiged from about $155 to $215 <a 
week ill 19 76 and those of experi 
enueU technjcians From about $200 
to $43U^ aycoidin.^ lu ihe lirnitcd in 
fomialiun available As a rule, t€ch = 
nicians' wages are highest in large 
i^iLie^ ditJ in iaige: ati&tioii^. I €chni- 
claiia employed by l<:levisiOn !»t^tiuns 
u^Ufilly are p^id ^^^Ohan those svho 
v^ijik fur radio ^^^^^^ because iel€^ 
vibiuii wuik is generally more com 
plex. l echnicians emplDyed by q|du- 

4^ a t i M 1 a I b i o £i d ^ a ^ t 1 i 1 g s t it 1 1 O il b 
lie rally ^e&ni ih^n ihos€ who 

vvork for onuiiertiiiil slaUons 

Mf.,^! i^i^htiKl^ii^ ill Ic^i^c hliiili>iia 
^^.iik a 40 hoiii wcw k ^A^lth i^vt^rtUiie 
pay f > dddltioii^l houi$ Some 
broadcabi lechniciaris in the larger 

v^lLlc.^ Wuik a. 37 huui ^euk In Siimlj 

staiiOiis, many lechniuians SfrorN 4 to 

I i luiii! 3 uf tivel lliilii cawti 
Lv lllll^ ,A^liL dlid w^^kcilil wuik 

i I 1 , ib 1 1^ i^c^-^ »i y^ ^ifi^c ^aiiy 
staiiuns ai^ Ljii the air as man) as 24 

htiLiis a day 7 days a w^csk Network 
l^t^.tiiiiwiaiis liii^y oux.a.^i^jjidlly hdV€ lO 
Wtiik wOiitLUiOUsly tuf many hours 
and i^.idei great prvssui>: in Oidei to 
nicti bioadc^st dead lines 

1 i£ ,,h It 1^ ta«is geiieially w K ui 
d.,oi^ ill pie^saiit i iciun.jiiigs i 
^/brk is interesting, and the duticb are 
vdrfed When remote pickups are 
niad« hovvevt.! , te gh d ii; i a ns oiay 
wuik 4^ il kit douis Ai ^oiiie di^i^nce 
tioin ihc sludlua, uiidef less l^vor^bl^ 
wuiiditions 

Infer if nation 

, it, lit uperaior's examinations^ and 
feuidfcs to study fur them, write to: 
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Federal Com municai Urns Commissic^ Wash = 
/'ingtcjn, B C 20554 

For information on careers for 
broadcast lechnicians, write to: 

Nittunil Asiodation of Broadc^&iL-rs, 177 1 N 
St NW \ Wt-shji^toii, D C 20036 

Corporatitjn for Pubhc Bniadtasimg. (Ill 
16th- NW , Waihmguih. dK 2<K)36 



DRAFTfiRS 

(D OT. 001 2n\ UU2 OVA dHi 

S OOS.t^ I. 007 2HI ,010 281 . 

0 14 28 L and Ul7 ) 

Nature or irtm W^^ik 

When buiidin^ « s^a*^*^ 4.ti|,...,i 
television set. or bitj^c wii*ktf s 
low dras^/ings that shtiw tht txawi Ji 
mensujpis and spvtifKuiuiiiS of thy 
entire object, iand c^t^h yf paiu^ 
Workers \*ho diciw iht.=%t ^i^ii^ ait 
drafters * ^ 

based bn rough sketches^ specinca 

lions, ^iid i^aiuidiiufi.^ iiiadv by Si^li^n 
lists ^hguiccri. diwhUe^^U ai.d Jt. 
signers Ihcy aUu t^iilcuiaie iht. 
strength mjaht^ <mi^iiiU> uitd 
of matci iiils Final dfdvv irig:^ ^utw iin «i 
detailed viev* of {he ubjci^i fioiii (lii 
sides as well specif icationa fot 
terials iu ht; used pi c Jui U^l 
lowed, and oiher information to jar 
out the Job 

In piepariiig .i. . l.^ i. n . 

wOfn passe?! dl^ld^tiKh J)!*. la^liMS KM 

angles, ana other j/tjftjfig j^^vi 
They iijso i*?»e c ugi i; 1 1 ^ ht^ij 
books labl^b aiid caltij la ?» , u \,^.\^ 
solve technical problcins 

Drafters arc t.|a?»sificd «. . ...1. i. 
ttie work ihey do o? iJicii L^iil uf 
responsibility Semtjf Jru/ttf ) tia.iS^ 
late an engineer's or ^rthiicwi s pie 
liminar^^ plan;* into desigs' U^ uui.^ 
(scale dfawin^** uf the objeci i4> 
built) Details, s draw cawK pan 
shown on the layout, ^nd ^tvc dj,ncii 
lions, materials, and uther iiifc^rrnd 
lion to make the driivving i^leai and 
complete Ch^tkcri carefully ts^am 
ine drawings fur err^jf^ m coinputiiig 
□r recording diniensions and spcwifl 
cations Under the supervision uf ex 
perienced drafters^ trscen make nn 
nor corrections and trace drawin^^ 




Driftsfft mmf ■p«€lafU« in mschanleal, slftclrleMl, avrQiiaytteBl, itrumurBl, sr tr£hlt»€» 

ttiral drafUng, 



film 

ii£>uaii^ aptwiahtc 111 a par- 
ii^ulai hcid Lit woik^ such as rri c 
thuitlt^Ml el^>. tii«^al elfcwlionlt, aero 

drafliiig 



IS/C iiu>ii. tiijO V out ijt 

iiJ^.ihig uii 1 i hllwt^ lu I al tlllhd tin 

pUjj^^4.d bi.ui 3 ^yi of the lU Olhef 
iit^j4ji . giplt,* \ lii^lujQd the fabr I 

L.£itgd itictaU ek_ ulritdl e^uiprnenl, 
iiti^v. fitiiQ i ^ EtiiA u^iiLjii Uidy^ 

i.Ui^jiil ^i-^^c afi^J liji<ll ^(Jvilli 
i,,t-ikt^yu 1^31 JiafltiS ill thi£ 

hcJeial « ^ 4^ 1 1. .1 i w lit fcoikeJ loi ih€ 
l^w fviist ^^wpai iiiieiii ifioae in St^te 
and liit^i i vei li iiicii 4S wcr^ rudlnly 
III bi^hxA^y and publK, u ofka Jepait 
i|i.:iit:'i Aiiuthtl aeveiiil thjusand 
ditills^i.. VB^iiiked U.I i^oll^gc^ slid uill 

vci .^iMc.^ ^iid lioiipii^flt orgauiiations 



an.. Mdvi^ncj^rnont 



jsiii.i i a^^^uiie iht necessary 
iliiiog 111 le hnlwal U. ilitu (es, juniur 
,d gouniuiiity colleges, extension 
Jlviaitiii?i of universities, and voca 
Ouridl all J iCfcfiiMijal hl^h stbooll 



Some persotis receive training arfd 
experience in the Armed Forces 
Others qualify through on-the-job 
training programs combined with 
part-lime schooling or 3- to 4 year 
appreniiq^ship progranis 

Training for a career in drafting, 
whether in a high school or posthigh 
school pTOgram, should include 
courses In matheniatics. physical sci 
ences, mechanical drawing, and 
drafting Shop practices and shop 
skills also are helpful since many 
highei level drafting jobs require 
knowledge of manufacturing or con 
structiort inetbods Many technical 
schools ^ff^t courses in stri^^tur^i tie 
sign, arcnitectural drawing, and engi- 
neering Of industrial icchnolog]^ 

The^e planning careers in dfHting 
should be able to do freehaiid draw- 
ings of three dimensional objects And 
^Iso detailed work requiring a high 
degree of ai^curacy They should 
have good eyesight and manual dex 
leru> In addition, they should be 
^ble lo fiinction as part uf ^ team 
since they work directly with engi 
ncers architects and skdled vvork 
ers Aitlstic ability is helpful \i\ some 
specialized fields 

High school graduates u&u^lly sidli 

t^ut as tracersi Those having posthigh 
school techitical training may begin 
asjunior drafters After gaining expe 
rience, they may advance to check 
ers. detailers, senior drafters, or su 
pervisors Some may becoinc 
independent designers Courses in 
engineerin^and mathematics iorne^ 
times enable drafters to transfer to 
engineeriflg positions 
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Employment of drafters is expect 
ed to increase faster than the average 
for ail oc^upationi. ^This growth, 
alorig with the need to replace those 
^ho retire, die, or rn^e into oih<;r 
Tiflcjs of work, shoulci provide tavor 
**able job opportunities throilgh the 
mid.l9g0*s. Holders pf an associaie 
(2-year) decree ingrafting wjll have 
the best prospects Many large em 
ployers already require posisetun 
dary technical educaiiun^ iY\uug]\ 
welUquaUned high school gradudtb«i 
who have sludied drafting rimy find 
oppuriunities in some types of jobs 

Employmeiit uf dratierb is expect- 
ed to rise rapidly as a resuh of the 
inc r^asi Ugly com|4f^& dc^^igh piob 
lerriH uf moUern prudiicli* aiiJ piu 
cesscs In addiiiOiK ititirt sii^>pi>it 
pci Syiiu^l will be iiet Jed ific eih 
ploymciil ^d Ciigliicei.^ diid J ..Itiaiai.^ 
grows Photorep! ud UL liuii i^f dtavv 
ings and CApariding use u! . It* iroiiu 
dr^fling equipment and i^uiiipul^i ?t 
however, Nvill reduije the need for 

lc:53 skilled diaflc!.^ 

CohdItU fiy 

^ed isluut ^8,400 ^ 4; m 
^dnU inoic? ^s^peil^^st. U di * 
eraged betv^een $9 800 ^^nd $12 u()(. 

a yCdi Seiitij! didfi^^is i^v^^.i^i^t'ij 
al.uul Si 5 3U<) d , QQi in 1 *s /(' Oil ihv 
avei^^c ^ Ape. I iiii.ti J 

at>oUl QiiC- ^iid i.>tte lialt ll 141 . ^ ii.^ 

IliUi^dk i^S thi^ ^VCKi^c Ciltltht^^i ijV it It 

aup£i .i3i>iy Ai'uikcf^ III pjlvfiU. 

f he Federal O. i.ii.i^i.i lu 
Jjaflei.^ havifig an ^i.vsoi^ldtc >> gf^e 
<ttarting salaries i_d $8 316 a yt;ai in 
1977 Those wuh less i;JuCfe.ti4Jn iJi 
eAp«;rtchwc ^Encially 31^1 Led at 
$7,408 I lit avGragc 1 ,,deial Kt v 
ei iini^iii salsjy fiji ah dra4lei._. ah 
about SI 1,000 a ye^r 

AlthQugh drafters usi.till^ ^ ^ in 
vv^li lighted and » dl V iiulaijd 
ruorns, they >^fleri a.^ist fui luir^ 
periods of time dv-ing v^ry detailed 
work OiJwasioiially , Jiafl is Mi ay 
visit uther ufTiees i>i wOfisti l.^ LUjh 
sties to rii^t tiaiiJ liifu! inalluii 

about a jertdin assigriin=nt 



S@urcts of Additional 
Information 

Oeneral information on careers f9r 
drafters IS available from^ 

AfTiefican Institulc for Deni^' iifid pfiafting, 
1 I I V Pricu RU . Bar-tk-?.vilk^ Okla 74()<).3 

IhtGfTiunijnal Federaiiun of PrufesHumitl and 
T echfiical Engineers I I 2ft 1 ftth Si NW 
Wftxhinglun DC 2ih)it> 

^ee Soiiiwes ut AUdlllunal Intui 
iuatuju in the sialeiiieni un engineer 
iriK iifid .4wlcnt.e lct;hnitians else 
wht^ic in the HiinJbi.Hjk 



^NGlNbbHiNiJi AND 
SCIENCE TECHNiCIANS 



< Uuiustrial maciiinery, and teuhni 
^ il prtiteasei? enables efi^lneetirig 
and stitnue ic\ hnicians 10 work in all 
i^jKaje^ ol bu^in^ss and guv^rniiieii I . 
fu*!ii i^stJith aiid design tu ni^nu 
fawluiiii^ sale. J, aiid tust.jin^r scr 
vlvC AUr.Jsjgh ifieii jobs aic uiuic 

liiriiied in jcopt and iwore praQiicfally 
UH^hltd thai! Uiusc tjf eiigliieei^ ut 
^ci^ntist?, lechnitiand orten apply ihe 

ihw^iitHtal kii^'jvt^led^c developeU by 
tfii^iiis^ers ^iid sijientists to att>i^l 
it Lia t ivi lis [ hfi tails 1 1 ijc rii ly 

use uompi^ '. clewtrontc aud rrjechani 
w^l Mi^ii uii t c 4tt^. experiinental laboia 



often without close ^pervisiom They 
^ may prepare specifications for mate' 
Arrals, devise tests to insure product 
quality, or study ways lo improve the 
efficiency of an operation. They of- 
ten supervise produclfon workers to 
make sure they follow prescribed 
plans and procedures. As a product is 
built, technicians check to see thai 
speciricaiions are followed, keep en- ^ 
ginecrs and scientists informed as to 
progress, and investigate production 
prubl&rrts 

As^ales wtji keis or field represen- 
latives for manufacturers, techni- 
cians give advtce on installation and 
rnainienance of complex machinery, 
arid may write specifications and 
technical manuals. CSee statement on 
technical writers elsewhere in the 

Techniciaiia rflTflyL^uik in Ihc fields 
.J engineering, physical science, or 
llt%= science Wilhin these geneial 
ricldii, jub titles may desciibe the 
level ( biological aide or biologicai 
lechincian), dutus (qualuy cuntrol 
technician or lime study analyst), or 
cirea ot wurk ( nicchanical, electrical, 
ui eliernical) 

Ab afi engliic^citn^ it^t^hnic tan tine 
i^ii^hi wurk in_ any kjI the fullowiiig 



t^-lAiis ill ifiis Uk wurk with engineers 
and scientists to design and produce 
atrciaft, ruckets^ guided rnlS^iles, arid 
spacecraft Mauy aid engineers in 
ptcp«3iliig di^slgri layuuLS and iiiodel^i 
strLiCtures, control systems, or 
equipttient ina^tallatiun^ by collecting 



loi y cuuipnieril ^nd diattir^g iristiu 

. , , inforiiiiaiion making con\puiations 

I ii e i i L s A 1 Ml tj s i a 1 1 I c c h n I c I a n s _ 



Jtsc, ibc J Hi ihi^ siateineni niust be 
€»^>Ic lu lis^ i^c^nieal handbooks und 
wuifipuiiii^ devices such as slide lules 
^nJ catcul44i]ng niiichinek 

\t\ ieseaft=h arid develophicni Une 
I tKe iai^c^i dretis of empluyn»en&i 
ti;. fiiiK i^jis St I up experiments md 
^dii^uiate rtie r^suUs using complex 
lii^L I uiiiCiits I hey/ also aStiist engi 
iicefs and stitiiliSLS in developing 
pci lii^eiitdl e^^ulprnct^ an^ niodelwby 
itiaKlii^ di^^liigs an^^sk^ch^ I^Ild^ 

fietluenily. by dt>ing fculine Resign 

l;i ps J,*i lU. i! LechlTW^ns Usually 
(wil<j^ i\ic pldnb a#d general direc 
t lull 5 i,( engineer^ and scientists, but 



and performing laboratory tests. For 
example, a technician rnighi estimate 
vveight factors, centers of gravity, 
and other items uffec ting load capac- 
ity of an airplane or missile Other 
tectiniLiaiis prepaie or check draw^ 
mga for technical accuracy , practica- 
bUily. and economy 

Aetonautical techriiciaiis frequent- 
ly i*Drk as manufacturers" field ser- 
vice representatives, serving as the 
link t>€tween their company and the 
miliiary services, commercial air- 
lines, and other customers. T^chni= 
gians also prepare technical informa- 
tion for instruction manuals, 
bulletins^ catalogs, ^iti other litera- 
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ture. <See itatements on aerospace 
Engineers, airplane mechanics, find 
occupations in aircraft, missile, and 
spacecfaft manufactunng elsewhere 
in the Handbook,^ 

Air-CondUioning, Heating, and Re- 
frigeration Technology. Air-condi- 
tioning, haating, and refrigeration 
technicians design, manufacture, 
sell, and service equipmgfx^t regu 
late interior teiTiperaUires. Techni 
ciani in this field often specialize in 
one area, such as refrigeration^ ^nd 
sometimes in a partLCulai type of ac= 
tivity. such as research and develop 
ment. ^ 

When workiiig for rirnis thai 
tiianyfacture terriD^iature=coiurol = 
ling equipnient, tachnicikns generally 
work in fesearc^and enguieeang dc 
parlnientSj whera^they a^€^ engi 
neigrB and sgientiits^ the delign and 
testing of new equipment or produc 
tf&n fUethods For example. £i teghni 
ciaD niay construwi an experifnenlal 
model to t€it it£ dgrability and opei 
ating characteristics Technicians 
also \^ork as sales workers for equip 
ment manufacture rn or dealers, and 
mUft be able to supply engineering 
nrrns and oiher wuniractors thai de- 
sign and' irrstall ^y^tenis with infuf ina 
tion on installation, maintenance, up 
erattng costs, and the perforniance 
speciflcatioris of the cquipmenL Olh 
er technicians work^or contractors, 
where they hetp design and prepare 
iiistall^tion instruction^ tor air tundi- 
tioning, heating, ui refn^eialion sys- 
tertii Still others vvurk in custurner 
service, and are tespofisible fur 
pervising the iniiallatiun and inaifite 
nance of equtpfnent (See statement 
on refrigeration and fitr-conditioning 
mechanics elscvwhcic in the Hand^ 
^cok. ) 

Civil kngin^^f in^ J f.ft£fU>^ ^ I w^h 
niciani in this ar^a assist civii engi- 
neers in planning, designing, and 
constructing highiifvays, bridges, 
dams, and other structures They of= 
ten specialise in one area such as 
highway or structural technology. 
During the planning stage, they esti- 
mate costJ, prepare specincations for 
nateriali^ or participate in surveying, 
drafting, or designing. Once con- 
struction beging, they assist the con- 



tractor or superintendent in schedul- 
ing construction activities or 
inspecting the work to assure con- 
formance to blueprmis and specinca- 
tfons= (See statenients on civil engi- 



When working in design, produc- 
tion, or customer service, electronic 
technicians use sophisticated mea- 
suring and diagnostic devices to test, 
adjust, and repair equiprnent. In 



neers, drafters, and surveyors many cases, they must understand 

the requiremenis of the field in which 
the electronic device is being used. In 
designing equipment for space explo* 
ration, for example, they must con* 
sider the need for minimum weight 
and volume anj maximum resistance 
to shock, extreme temperature, and 
pressure. Some electronics techni- 
cians also work in technical salf^, 
while others work in the radio and 
^television broadcasting industry. 
See statements on broadcast techni= 
ians and occupations in radio and 
television broadcasting elsewhere in 
the Handboak. ) 



elsewhere m the Handbook ) 

Electronics Tech nolu^y Technicians 
m this field develop, manufacture, 
and service electronic equipment 
and systems The types cjf equipment 
range from radio, radar, sonar, and 
television to industrial and medical 
measuring or control devices, naviga- 
tional equipment, and electronic 
compUiiers, Because the field is so 
broad, techriicians often specialize in 
one area such as automatic control 
devices ui electronic anipliriers Fur- 
thermore, technological advance = 
ment is constantly opening up new 
jirca^ ut work For example, the de- 
vclcjpinent of printed circuits stimu- 
lated the growth of miniaturized 
electronic systerns. 



1 



Industrial Production Technology. 
Technicians in this area, usually 
called industrial or production tech^ 




Sln€« lAehnleiant art psrt tf ■ iel«ntifle tmmm, they •omettinei werfc yndsr tha tuper^ 
vliion of •nginatrt and aelantlttB. 
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nicianH. asHisl iniJujitrial cngincurH on 
problems involving the ufficiunt use 
of personnel. maturiiils» and ma 
chines to produce goods and servic = 
es. They pr^are layouts of mauhin- 
cry and equipment, plan the flosv of 
work, make sialislical stedies. and 
analyze production ^h)sIs= Industrial 
technicians also concHict time, and 
motion studies i analyze the linie and 
movements a worker nycdh 10 ac; 
compiKh a task) to impfDVu tht pru 
duction tnethods and pu>cy dtaic^ m 
nianuf ac turmg plants 

Many industrial te4.foiu lanj^ 
quire experience thirt criablch iheiu 
to qualify for othr^r jt>hs For txarn 
pie. those spec iari/ing in riiatturiyi> 
and produciion mWhods may move 
into iiiduhirial saftiy Olhci-s in jtjb 
analysis, may scl jub siandaidh jod 
iniervievfe tcsi. hue and oain pci 
m>riiic| hidl i>thci:?* t.iay iiu>vw hiU* 
pfoduv-Uun .^upt I V ihii>ii 
Tiicnt?! on p*^ r st>rii itl wttxicj'* li.iJ ih 

Icfeh iit>it>gy ..n a bi viad L ill t b .1 1 

CI?* J IdfgC tlUifltlWl * if -^J.- (J lij 1 1 / t.- 

tlcla^ ntwiufltiig aOU n> Mu ( V Ci„^Jiiu<l 
tjgy ile?*el it^wb ill >U>^)^^ t,*. I J«..st^it 
fiia^liliic iJli^l^i! ££fu_i p t . t ti i> 

?si^n and de vdb>piii{:.4i \%t>fk h) ii ak 
iii^ iic^baiui skei^^bi.^?; ^fi>l 1 ^2^11 ku)^ 

OUlh \f\ p I p*>.i iJ il.av b.li^i) ^Mti 
I ) t . 1^ . I 1^ I p I I I 1 1 L \ A p <^ i L 1 f 1 I ^ 

i^hssiO iii pi i lit.l , ^Iv -S li^^ ^Iv h ^ »K I 
ani^Q tir^Sh ?^tialo fii^UM^i t il ^1 

blal|^.Il faCl.ji:-! i u i^lSi 

£&naiy/c die wi>?iU'^> .^rJ ptuCiU. ^il ului. 
ijf desl^a?* 

lit planiu^ .g ..... . , , , , 

Ku\ fiiachinci^ .iiid ;^4il|Jill ^.\{ t^ji p^ , 

tuiriiailwc duidt>illl\ aiui ^fil«.. , ti^ \ 
t^L. hi 1 ii^ idi I .» ic.«^i>iLl Uata i.i^iki. ii'iii 
putaniiiih pli^l ^[ .^pflS aiial^ w It 

suits, and ^iltc report?* Ihcy .1^ 
times ree«^mriie.id dcni^ wfiiii^gc?. u* 
linpr^jve pei^ui iiia^iwc (hcli Jub »f 

ten icquireh skill in ilu d coiti 

pic ft mstruinent., te?vt equipment 
diid ^augeb, a^ well in die picpaia 
lion and interpreib tir»J! ji dm^xw^s 
V^htil a piuduci Is T^ady tv)i pfu 
duwiUm Itfch niciana help pitpaii 



layouts and dravC'irigs of the assembly 
prt>cess and of parts to be manufac- 
tured I huy frequently help eHlimate 
labor costs. equipmLmt lifei and plant 
space. Some mechanical lechnicians 
test and mspcct muchines and equip 
nieni in manufuciuring departments 
or work wi|h engineers ti) eliminate 
p rod e t ion \pri)hlems Othe rs a re 
lechniCdl ^ales workers 

I Oiil desigtiers are anunjg ihc bet 
ici known ^pecialisis in iiieehanicul 
cyigiiicefing t^chntdiig) I vKil de?*ign 
ci?^ prepare iketches ut the dcsigiLH 
kir euilnig li>ols. Jiga. Uies. speeial 
tixturC?s^ and other devieCh used m 
niash pruduLtion ^requuntly, they 
ledcsign existing uhiIh Iij irhprove 
tbicii eftlticiity Ihey also make or 
.^Ljpeivi?ie iftticis Iti fn-akiiig detailed 
drawings vd toojs and Qxtur^s ^ 

Machine dian^ng wHh sonie ^J*. 
M^nln^ 1?* ^ritithci nidji>f iiiea oftcii 
^fiujped undcj MiCwhahli.al tewhi^^d 
ug) and !s deswiibed in the siatemeni 
tfO Jiaflci.^ ( Alsij stc .^latwrnents ori 
Hi 1 hail 1 w a I w nglise t i n dulum uLl le 
mechanics, manufacturers' sales 
^^iTt^ktis uiui dles^l Ii) ew hail else 
wvbeit: in dit rfufiiJh. iik ) 

II. . . , . . .. i . . i ^ , , t . 

iii. eai ; ^/gi a| bit. ^nd spawc 
explofaiiiti! weather fiirecasting, sat 

i^IIlit^ i i>i 1 n i I a iili^alii.) i t ^y.?ileiiis erivi 

r o n m n t a 1 p r o t e c t i t ^ r i and medical 

ii^.^taii b b..v^ f^wlp^ii U> riiaki.; Uihtr^i 
/fienlaiii It I tt. f II lubi^^ a fast gfijwln^ 
r ^4^; Id b.i I b iiii^-laiis I licy Tielp de 
^'ub^i i dc.il^ri <.>i ii ^ > Ic X iwcasUiiii^ 
J i I J K » I i U * *l de V K t: -f^ sli w b ti.i thi>se I M a 
r^^f>j.i 4. 1 u I \ tbiit .i^^ii?}^ iiild inua..Lii«^ 
t.- li as igi. ?. li, heat LJi jj.essL.^e, auli^ 
inalli^all 1^ AMd aat** and inak^ riee 
s ii f ) li . J J 1 1 s I i n t r 1 1 3 I h e e I e h i i i 
t,.iaii» uave c.^teiiJHlv'^ ki»i»wi^dge itt 
phvsl ui swi^iitts cll as eleLiri 

u aJ t U t^^nie ui i.J ii , i.hf^ii U al cii^i 

^iv^ilii^ < SCL ."^ la 1 ^ f til liiht^lA 
riie^il V ».kw 1 tlhwAhi It in thi^ 
Mu.uti - i > 

St V s., 1 ^ I a • i i . I , . J , * , i i « s . » . i ^ » « 1 .1 1 

Uk^ pb} a^ i.1 ..It iwcs. 

L he ffi i: 4I I c ^'in ii luris i. k ^ i \ 1 * 

leilil^l^ ail. J ^ti&ililwiil . l^hic .5 to 
Jivulijp Ay 1 1 diid utili/L^ wheihiw^l 

diid lelat dp..,dueifl arid equipinent 

\UiSt idle nil t.al tCk hiiiv lans du I c 
aiwti ,.iid deveb^pineiit lesiing ui 



other laboratory work They often 
set up and conduct tests on processes 
and produets being developed or ira^ 
proved For example, a 'technician 
may examine steel for carbon. phos= 
phoriis, and sulfur content or test a 
lubficatmg oil by sul^^Cting it to 
changing temperatures The techni- 
cian measures reactions, analyzes the 
results of experiments, and records 
data that will be the basis for deci = 
siiins and future research 

Chemil:al leehnicjaiis in pfuduc 
kion generally put into aommercial 
opeiation those products or process^ 
es developed in research laborato- 
ries. They assist in making the final 
design, installing equipment, and 
training and supervising operators on 
the production line Tewhniwians in 
quitlity control test materials, pro- 
duction processes, and final prod= 
* ucls 10 insure thai they rnet^t the 
inaiiuta«^iuiei S spc*^ iflcalions and 
quality standards Many also work as 
technical sales persorinel selling 
wlieiiiicals 01 chemical produci^S 

Many chemical technicians use 
i^oiiipute I s and insti uments, such as a 
dilatonieler (which measures the ex 
pansiori of a subsianc-e ) Beeause the 
Tie Id of cheihlslry is so bioad, C he nil 
wal t^chriiularis fiequciitly specialise 
in partieulai i iidusi^^ sui>h as fuoB 
processing or pharmaceuticals (See 

stateinenlh ui\ ehcmisls. chcinlcal en 

gineers. and occupations in the in- 

du?^ttlal whEiiileiil ihdu^tiy clacwherc 
In the tiaHilbiMfk ) 

ileurologists in the study wf atmo- 
?ipbcMc cundillons 7 echniciaris call 
tiiate iiisliuuieiits observe, rev^ord, 
and I e purl rile tec ^ulug leal occur 
ienc*;s. and siSSist In reseaieh projects 
and the developnient of scientific in 
sti viaicii ts 

(leuiugU ^ii hnii, t^iti j d^^slst geolu 
^iils Iii evaluating eailn pfocesses 
C uij jnily rriuch r^^earcn is being 
uuiiducteO in seUiiiology p*^li oleum 
and minefjl exploration, and ecol= 
ogy These technicians install seismo= 
graphic instruments, recurd mea = 
sufemciics from these instrunientSj 
assist in field evaluation of earth = 
quakt damage and surface displace^ 
ment, or assist geologists in earth- 
quake piediciion research. In 
peiruleiim and mineral explOTalion* 
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they help conduct tests and record 
iound wave data to dstermtne the 
likelihood oC successful drilling* of 
ute radiation detection instruments 
and collect core samples to help ge- 
ologifU €valuate the economic possi- 
btlities of mining a given resource. 

Hydrologic technicians gather data 
to help hydrologifts predict river 
stages and water quality levels. They 
rnonitor initruments that measure 
water flcw^ water table levels, or 
^ watef quality^ and record and ana- 
{ lyie the data obtained. (See state- 
ment on environmental scientists 
elsewhere in the Handbook. ) 

Technician positions in the Itfe sci = 
encei generally are clasiified into 
te, two categories; 

^ Agricultural ttchnicians work wiih 
agricultural scientists in the areas of 
food prcduction and processing 
i 'Plant technicians conduct and 
ejiperinianis to improve the yield and 
qtlality of crops, or to increase resist 
a^cf to disease, insects, or other haz 
arW. Technicians in soil science ana 
iysf the chemical and physical 
pro^rties of various soils to help de 
termine the best uses for these soils 
Anirnal husbandry technicians work 
mihffy with the breeding and nuY^- 
tion of animals Other agriculturdl 
techniciani are employed in the food 
industry as food processing techni= 
cians. They work in qualiiy control 
or in food science research, helping 
food scietu|ist8 develop betier and 
more effioWni ways of processing 
food material for huinan consump 
tion. (See statement on food scien 
, tigts elsewhere rn the HandbtKfk ) 
Biologic^i technicians ^ork pnni^i 
iiy in laboratories where they per 
form tests and etperimenis under 
controlled conditions. Microbiologic 
cal technicians study microscopic or 
ganisnis and may be involved in irn 
munDlD^y or parasitology research 
Laboratory animal technicians study 
and report on the reaction of labora 
tory animals to certain physical and 
chemical siimuli. They also study and 
conduct ri^arch to help biologists 
develop ctires that may be applied to 
humaii diseases. Biocheirlical technic 
ciani isiist biochemiits in the chemi= 
cal pnalyiis of biological substances 
(blood, other body fluids, foods, 
drugs). Most of iheir work involves 



conducting g^peritnents and rcport= 
ing their results to a btochemist. a 
biological teehnlcian, one might also 
work primarily with insects, itudying 
insect control* developing new insec= 
licides, or determining how to use 
insects to control other insects or un- 
desiTable plants. (See statements on 
life scientists elsewhere in the Hand- 
book , ) 

Technicians also specialize in 
rields such as metallurgical (metal ), 
electrical, and optical technology. In 
the atomic energy rield, techniciaris 
work with scientists and engineers on 
problems of radiatiofi safety, inspec- 
tion, and deconiam ination. (See 
statement on occupations in the 
atomic energy field elsevi^here in the 
Handbuok ) Hew areas of work in = 
elude environmental protection, 
where technicians siudy the prob- 
lems of air afid water pollution^ and 
industrial safety 

PimQmw of EmplcyiTivnt 

Uver 585,000 persons worked as 
engineering and science technicians 
in 1976 Almost 40O,O0O worked in 
engineering fields, about I 30»000 in 
the physical science occupatioris, 
and about 55, WO in the life sciences. 

About two-thirds of all technicians 
worked in private industry. In the 
[ii all uf^w luring see tor, the largest am - 
ployers were the electrical equf^^ 
meni ^hernK^al, machinery, and 
aerospace industries. In nonnrianu- 
faciuring, large nuiribers worked., in 
wholesale and retail trade, communi- 
gaiiong. and in engineering and ar? 
chUectUial firfns 

In 1976, the Federal Government 
cinployed about 95iD0O techniciaiii, 
chiefly as engineering and electron- 
iui technicians, equiprrient spe^iaU 
istb. biological tecKniciani, carto- 
graphic technicians (mapniaking)^ 
meteorijiogical tachnicians, and 
physigal science technicians. The 
largest number worked for the De- 
partment of Defense; most of the 
others worked for the Departments 
of Transportation, Agriculture, Inte- 
rior, and CDmnierce. 

State governnient agencies em- 
ployed nearly 50,000 engineeflng. 
and science technicians, attd local 
Ipvernments about I l,fO0. The re- 



mainder worked for collegei and uni- 
veriities an0 nonprofit organ Uations. 

Training, Other Giialiflcitlefit, 
and Advineaintfit 

Althouih persons can qualify for 
technician jobs through many combi- 
nations of work experience and edu* 
catioHj most employeri prafer appK- 
cants who have h^d soni€ ipeciatized 
technical training. Specialized train- 
ing is available at technisal iastitutes, 
junior and comniunity collegei, area 
vocational-technical iCboolSt exten- 
sion divisions of colleges and univer^ 
siti^I^^^Slvd vocational-tiehniQal high 
schools^ Some engineering and sci- 
ence students who have not complet- 
ed the bachelor*! degree and others 
v^ho have dagreei in science and 
rnathernatics also are able tcr qualify 
for technician poiitions, 

Perions also ean qualify' for techni- 
cian Jobs by less fcrrnal fnethods, 
Workers may l^arn throygli on-the^ 
job training, apprenticeship pro- 
granns» or correspondence schoqls. 
Sonie qualify on the basis of experU 
ence gained in the Armed Forces. 
However, pdstsecondary training is 
becorning increaiingly necessary for 
advancement tc more responsible 
jobs. 

Some of the types of postsecon' 
dary and other schools that provide 
technical training are diiQuaied in 
the following paragraphs: 

Technical instituies. Technical in- 
stitutes offer training to qualify stu^ 
dents for a job ininiediateiy after 
graduation with a miniinurii of on- 
the-job training, In general, stiidents 
receive intensive technical training 
but less theory and general education 
than in engineering ichools or liberal ^ 
arts colleges, A few technical insti- 
tutes and comniunity colleges offer 
cooperative programs in which stu* 
dents spend part of the tine in school 
and part in paid employment related 
to their studies. 

Some tedhnical inititutes operate 
as regular or extension divisions of 
collegei and univeriities. Other insti- 
tutions are operated by Statei and 
municipalities, or by private organic 
zations. 

Junior and Comfnunity Colhges. 
Curriculunis in junior and coinmunl- 
ty colleges which prepare students 
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for technici&n occupations are sinii = 
lar to those in technical institutes, 
but with more emphasis or^pieory 
and liberal arts course work. After 
completing the 2^year programs, 
some graduates qualify for techni- 
cian jobs while others continue their 
education at 4-yiar colleges. Most 
large community colleges offer 2 = 
year jtechnical programs, and many 
employers prefer graduates who have 
more specialized training. 

Area Vocational- Technical Schaals. 
These postsecondary public instiiu- 
tioni serve students from surround-^ 
ing areas and train them for jobs in 
the local area Most of these schools 
require a high school degree or its 
equivalent for ^d miss ion. 

Other Trairting, Sorne large ce^ipv* 
rations condudt training prugrams 
and operate private schools to meet 
their needs for technically trained 
pefscnnel in specific jobs, suwh iriiin 
ing rarely includes general studies 
Training fur some technician occu 
pations, for instance tool dcsigneis 
and electronic technicians, i§ avaiU 
able through furmaJ 2/- to 4 year ap 
prenticeship programs The appien 
tice gets on-the=job training undei 
the close supervistuu uf an cxp^ri 
enced technician and lasted lechiii 
cal knowledge in cla^^ies. u.'iually ^f 

ter working houfb 
The 

many teehnicians, espt^cially in elec^ 
ironies Although inilitary Jub 
quirements generally are aiffe^ciii 
from those m the civilian acuiioiny 
military techniciani often ^re able to 
find 'employment with only liiiniriieil 
additional training 

Technician trainu!^ aU^^ i& a.uU 
able from many private legh.iu jl and 
corfespondence schocJs that ufien 
specialize in a smgle field SmcK as 
electronics Soine of these schouU 
are owned and operate J by l^rg^ t^ui 
porations that have the re^urct^s tu 
provide very up to Jaie traming ii. a 
technical field. 

Those interesi^^ iii & ^ 
technician should have an aptuuuc 
for mathematics and icit^nc^ and cn 
joy technical work An abiliiy do 
detailed work with a high degree of 
accuracy is necessary; for design 
work, creative talent also is desir 
able. Since technicians are part of a 
scientific team, they soineiimes must 



work under tHe close supervision of 
engineers and scientists as well as 
with Other technicians and skilled 
workers. Some technicans, such as 
repair and maintenance techniciansi 
should be able to deal effectively 
with customers requiring their servic- 
es. 

Engineering and science techni = 
cians usually begin work as trainees 
in routine positions under the direct 
supervision of an experienced techni- 
cian, scientist, or engineer. As they 
gain experience, ihey receive more 
responsibility anrf carry out a Ar- 
ticular assignment under only gener 
at supervision. Technicians may 
eventually move into supervisory po = 
sitions Those who have iHe ability 
afid obtain additluimj g^u^ation 
surnctimeb are prornoted to positions 
hs scientists or engineers 

^in^ic/mant QuiiMk 

Liisplw^^iheisL □ppoiliinilte^ tui en 
gt#i£^ering and science technicians are 
expected to be favorable through the 
mid-198u's Opportuiiiiies will be 
best for graduates of postsecondary 
3(jhool technician iraining programs, 
tie^ides the openings resulting froni 
the fasier-lhan average growth ex 
petied in this fi^ld, additonaJ techni 
cians will be needed to replace those 
'Ahu Jlc^ retire, or leave the occupa 
tion 

In Ju i iisi c^paiisiMik and iti^ In 
. i£^^ing cur>^ pleikity of kiiodein t^ch 
fiulogy underlie the anticipated iri 
crease in demaitd for techniciMris. 
^?1any ^ill be needed to work with 
the gtw^wing number of en^ineera and 
scientists in developing, producing, 
^nd distribuung new and technicalfy 
advanced products Autoniatlon of 
industrial proceises and grovvth of 
new areaa of work sjch ai environ- 
nienial protection and urban devel 
t^pfrieni will add to the demand for 
technical personnel 

The anticipated growth tjf l eseaich 
Slid development expenditufes in in- 
dusiry and government sh^Ml^ in- 
wiease requireTnents for technicians 
B^ct&yse space and defense pro^ 
^(ams are major factors in the em- 
ployment of techiiical parsonnal, ex- 
penditures in these areas affect the 
deiTiand fot technicians The outlook 
for technicians is based on the as- 



suiTiption that defense spending will 
increase from the 1976 level by the 
mid'19g0'8, but will mill be slightly 
lower than the levels of the late 
196D'g. [f defense spending should 
differ substantially from this level, 
the demand for technicians would be 
affected accordingly, 

iarnlnga 

In private industry in 1976, aver- 
age starting salaries for 2-year gfadu- 
ates ranged from about $9,000 to 

10,800 a year, while those who did 
not completit^ 2-year program 
earned average starting salaries^ from 
just over $6,400 to about $9,300. 
Senior engineering technicians in pri- 
vate industry earned avarBge salaries 
of about $16,000 a year. 

Starting salaries for all tachnicians 
in the Federal Governrnent %vere 
fairly unifoftn in 1977 A high sahool 
graduate with no experience could 
expect $6,572 annually to start. With 
an a^cciate degree, the starting sal- 
ary was $8,316, and with a bache- 
lor's, i9,303 or $1 1,523. At higher 
experience levels, however, differ- 
ences in earnings are significant. The 
average annual salary for all engi= 
neering technicians employed by ttie 
Federal Government in 1977 was 
$17,800; for physical science teohni- 
cians, $17,100, and for life science 
technicians, about $1 l,4M. 

0oyra^a of Additt^nal 
InferfTiatian 

i iiitdrrri^tion on careers fui eii 
^taeeiing and science techniciarii 
and engineering and tecnnology pro- 
grams, contact: 

mcnt, 345 E&si 47ih St . Nt^ \ork. fi/y 
10017 

iiiturin ^(iui! uii awhauli offeririg 
i^chnician piugrams ii available 

from; 

Naiiutial A^K^vl&iSoft ui I fad € a fid I'^Chnl^al 
Schc^li, Accrediting CsfiifTiiistQn, 2021 
L St. NW., Washington. DC 20O36. 

\i ^ Diparinient of Heslih, EdMc^ation, and 
Welfare. Ofnqe of Education. Washings 
ton, D C 20202. 

State departrnents of education 
i&lso have information about ap" 
proved technical inititutei, junior 
colleges, and other educational initio 
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tutioni within the State ofTering post= 
high school training for specific t€ch= 
nical occupations. Other sources in= 
elude: 

AnieHesn Aisoeiatton of Cemniuntty and Juii' 
ior Collages, Suite 410, I Dupom Circle. 
^P^aah^ilita^, D C. 20036 

NatiQnal Home Study CounciL 1601 I 8th St 
NW . Washington. D C. 20009 



, SURVEYORS 

■■si 

(D.O.T. 018.188) 

Nature of tho Work 

Before engineers can plan high 
ways or other construction projecis. 
they need complete and accurate in 
formation about boundaries, land 
features, and other characteristics of 
the construWion site. Surveyors mea 
lure construction sites, help establish 
ofncial lanQ boundaries, assist in set 
ting land valuations, and collect in 
formation for maps and charts 

Sufvayors often work as paiiy 
chiefs; that is, they are in charge of a 
^ field party that determines the pre 
cise maasurements and locaisoiib of 
elevations, points, lines, and ^ut\ 
tours on the earth's surface, and dis- 
tances between points Surveyuih are 
directly responsible for the neld par 
ty's activity and the accuracy of its 
work. They plan the field woik. 
[met survey reference poinia and Je 
terftiine the precise location of n^iu 
ral and manmade featureb of the 
survey region They record the infor 
mation disclosed by the survey, ver- 
ify the accuracy of the survey data, 
and prepare sketches, maps, and re= 
ports. 

A typigai field party is niaU^ up of 
the party chief and three to six assist- 
ants and helpers. InstrumeHt workers 
(D.O.T. 018M88) Idjust and operate 
surveying instruments such as the 
theodolite (used to measure altitude) 
These workers also compile notes, 
sketchei, and records of the data ob- 
tained from using these instruments. 
Chain workers (D.O.T. 018.687) use 
a steel tape or surveyor's chain to 
measure distances between surveying 
points. Generally chain workers op- 
erate in pairs, one holding the tape at 



the last established pGint, and the where in the //^fi^6adikj Phot og ram- 

other marking an advanced measur- metrists measure and interpret pho- 

ing point. Chain workers also may^ tographic images to deterniine the 
mark measured points with paintef* 
stakes. Rod workers (D.O.T. 
018.587) use a level rod, range pole. 



or'other equiptnent to assist instru- 
ment workers in deterniiniTig eleva- 
tions, distances, and directions. They 
hold and move the range pole ac^ 
cording to hand or verbar signals of 
the instrument worker to help estab- 
lish the exact point of measurement. 
Rod workers also may clear brush 

from the survey line. 

- f 

Surveyors often specialize in a par- 
ticular type of survey. Besides doing 
high'^ay surveys^ many perform land 
surveys to locale boundaries of a par- 
ticular tract of land, The^ then, pre- 
pare maps and legal descriptions for 
deeds, leases, and other docurnents. 
Surveyors doing topographic surveys 
determine elevations, depressions, 
and contours of an area, and indicate 
the location of distinguishing surface 
feaiures such as farms^ b^dings, for- 
ests, roads, and rivers. OtMer special- 
ties include minjng. pipeline * gravity, 
and magnetic surveying. > 

Several clusely related occupa- 
iiufis are geodesy and photogr^mnie- 
liy Oeodesisls measure immense 
aie^iiS uf land. sea. Of Space by taking 
into account the earth's curvature for construction compariei and for 



various phyiical characteristics of 
natural or manmade features of an 
area. By applying analytical proceis-^ 
es and mathematical technilkias to 
photographs obtainad from Serial, 
space, ground, and underwater ioca- 
tions, photogramnietriits ar^able to 
make detailed maps of er^as that are 
inaccessible or difncult to survey by 
other methods. Control surveys on 
the ground are made to determine 
the accuracy of ma^s derived from 
photogrammatic techniques. 

Abaiit 52,000 parsons wcrkad^as 
surveyors in 1976. Fedefal, State, 
and local governnient agencies em^ 
ploy about 3 out of every Id survey- 
ors. Among the Federal Government 
agencies employing these workers 
are the U.S. Geological Survey, the 
Bureau of Land Management, the 
Army Corps of Engineers, and the 
Forest Service, Most surveyors in 
State and local governnient agencies 
work for highway departrnentB and 
urban plannifig and redavelopinent 
agencies. 

A large number of surveyors work 



afid its geopriysical characteristics. 
(Set statemtent on geophysicists else- 




§un^•yor■ doing topographle lurvvys te 
tfatarmlna •IsvatlGns, dtprMtlons, and 
eonldurs of an araB. 



engineering and architectural con- 
suiting firms. A siEable number either 
work for or own firms that conduct 
surveys for a fee. Significant numbers 
of surveyors also. work for crude pe- 
troleum and natural gas companies, 
and for public utilities^ 

TralnlnSp D1h#r Qualiflaatlontt, 
and Atf^vneffffiiiit 

Most persons prepare for survey = 
ing work by oombining poitsecond- 
ary school counes in surveying and 
extensive on-the-job training. Some 
prepare by obtaining a college de- 
gree. Junior and coinmUnity colleges, 
technical institutes, and vocational 
ichools offer 1^ 2-, and 3-yaar pro- 
grams in surveying, A few 4'year col- 
leges offer bachelor*! degrees specif- 
ically in surveying, while' many others 
offer several courses in the field, 

High school students interested in 
pursuing a career in surveying should 
take courses in algebra, geometry. 
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trigonometry, drafting, aod mechanic 
cal drawing. 

High school graduates with no for- 
mal training in surveying usually start 
as rod workeri. After several years of 
on-the-job experience and some for- 
mal training in surveying, it is possi- 
ble to advance to chain worker, in- 
strument worker, and finally to party 
chief 

Beginnerg with postsecondary 
school training in surveying can gen 
erally start as instrument workers 
After gaining experience, they usual- 
ly advance %o party chief, and may 
later seek to become a registered sur 
veyor. In m^any instances, promotions 
to higher level positions are based un 
, written examinations as well as expe- 
rience. 

For those interested in ^ waicei as 
a photogrammeirist. a bachelorb dc 
gree in engineermg or the physical 
sciences is usually needed Most pho 
logrammetry techtuciaii^ have h^d 
some specialised pustbatiund^i y 
school training, 

All 50 States require licensing ui 
tegistr^ttun uf land survcyuis respwii 
sible fur lo4:aUrig and describmg Iftud 
boundaries Regi?iiratuj!! lewiune 
[lieiitii ale gc^uei^illy quite .aijUl bt; 
Cfau^!^c oiigt. regiiicred, bui.eyuis* ^ati 
be held ie^^ily respun^lbie foi irieli 
work Requirements for ligerisure 
vaiy aMiOfig the Sl^tca but ni geritiai 
they include a combinatiuii of 3 to 8 
years' e^^pci Iciice in suivtyhig ai.d 
p^ssiiig iin ejkiiifiunuliun A f^w S.ate s 
now fe^uU£ ^ b«it.heloi \. d^gity i^iu 
phasizing sui veyuig. ^s a pi ei cquiait*^ 
to lieensure 

In 1976, aUMiJt 2=3 utH^ , 
i>is were registei^d hi a£*diti.jn 
about 13,500 engineeti u ere logis 
tered to do land surveyii.g ptii^iaiily 
as part of their ^jivil engintenng du 
ties; however, these workers are i ^n 
sidered engineers i^ther ih^n auivcy 
urs (See Statc^nienl on ^.ivil cngiiieera 
elsewhere in the H^ndbuijk ) 

Surveyors should have ihw ^i.mi^ 
lo visualize and underhta.id * bje^ts 



distances, sizes, and other abstract 
forms. Also, because surveying mis- 
takes can be very costly, surveyors 
must perform mathematical cajcula' 
tions quickly and accurately while 
paying close attention to the snnallesi 
detail. LeadeTshl^ qualities also^ are 
important as surveyors must super- 
vise the work of others 

Membersof a survey party must be 
in good physical condition in order to 
work outdoors^and carry equipment 
over difficuli terrain They also need 
good eyesight, coordmaiion* and 
hearing in order to commuriicate 
oveL great distances by hand signals 
or voice calls 

Employment Outicioii 

tiiU|^luy nienl ut Surveyors is e\ 
p^gled to grow faster than the aver 
age tui all oweupalions ttiiougll the 
mid IVbU's In addition to the Qpen- 
ings resulting fium growth, niany will 
lesuli from the need to replace those 
whu die, iwliie, ur transfer to other 
fieldn of work 

i he idpld d4^vtilopiii€iii ut uirbaii 
^<ea^ and increased laiid values 
bhuiiUi tJeiite Jobs foi surveyors lo 
K/<^uie buuiidi^rlc^ [ur ^jrijperty ree 
tji da C jlht;i 5 will b^ iiseded to lay uu t 
atieets. ahoppJiig t^eniefS, housing de 
velopments, and recreation areas 
c \>ii^Li uctujii Aiikl iniprovcrrient of 
the Nation's roads and highways also 
will icquiii; many new sufveyors 
Mo\ 4vck pc^iiods ift slow construe 
lUMi ai-U^ uy L=oulU lliait th^ deniand 
fu t su I V e y t,rs at thu^t par tic ular 

^ lAii ^ud legiHioiogy pijgiams ill 
|j05t^i^t=undai > schools will create a 
need tuf mure ^urveyiitg teachers 

t&jtttityA Afid Warlilflg 
Cuiidltlc^ns 

f liigi school ^iaduace«^ with ni 
, .< i*, lu if iining or experience it^r t 



ed as rod workers or chain workers 
with an annual salary of $6,572. 
Those With 1 year of related postsec- 
ondary training earned $7,408. 
Those with an associate degrea that 
included courses in surveying gener= 
ally started as instrument workers 
with an annual salary of $8,3 16, The 
majority of surveyors who worked as 
party chiefs in the Federal Govern- 
ment earned bet\*feen $10,000 and 
$14,000 per year and some high-lev- 
el positions earned more than 
$1 7,000 per year 

Although salaiiaf in private indus- 
try vary by |eographic area, limited 
data indicate that salaries are gener- 
ally comparable to those in Federal 
service and are above the average 
earnings of nonsupervisory workers 
in private industry, except farming. 

Surveyors usually vvork an 8=hour, 
3 day week. However, they some- 
times work longer hours during the 
summer rnonths when weather con= 
ditions are nrost suitable for survey- 
ing. The work of surveyors is active 
and sometimes strenuous. They often 
stand for long periods and walk long 
distances or olimb hills with heavy 
packs of instrunients and equipment. 
Because most work is out of-doors. 
surveyois are exposed to all types of 
weather Sonie duties, such as plan- 
ning surveys, preparing reports and 
^umpulatiotis, ^nd drawing maps, 
usually are don# m an ofriep. 

54^u«Q«S of Addlti€ln^l 

Inforinatlon 

h.iwiiikaLlOn about tialntn^ 
.^er upportuuities in surveying is 
bvaiiflble from: 

Afitefli;^!! C^n^feSi On Purveying iiriU Msp 
ping. 210 LjUU FalU Si , Falls Chureh, 
Va 2 2046 

^ien^ral inforrriaiiuii on careers in 
i*iroiogramnietry is available from; 

Ainei ii.sit SiM^l^iy or phoiogianimctry, 105 
North Virginia Ave . Palti Church. Va. 
2 2046 

t> 



What to Look For in this Reprint 



To make the Occupanonal Outlook Handbook easier to 
use. each occupation or industry follows the same outiine. 
Separate sections describe basic elemenis. such as work on 
thejob, education and training needed, and salaries or wages 
Some sections will be more useful it you know how to interpfet 
the information as explained below 

The TRAINING. OTHER QUALIFICATIONS. AND AD 
VANCEMENT section indicates the prefefred way to enter eauh 
occupation and alternative ways to obtain training Read thia 
section carefully because early planning makes niany fields 
easier to enter Also, the level at whicri you enier and the bpt-ed 
with which you advance often depend on youf irairii tg it yuu 
are a student, you nnay w^nt to consider taKing those cuufses 
thought useful fo/ the occupations which interest you 

Besides training, you may need a State license ^J' ccinfi 
cat© The training section indicdtes whfcri ocuupdtionb genef 
ally require these Check requirements m ihe State where you 

plari to wOrK b^CduSe Stciie r eyutatiui ib vaiy 

Whethaf an oucupatiori suitb yuur p^ib^.. .aiit^ aiuMFsyi 
ifT'iportant area tu explore For ^onie you rriay rid. a lo r'ndke 
^responsible deLisions in a rughi/ cum^.eiiti.e dlirfubpnefo^ hor 
others yuu may dO only ruullfie IdbKs uiiUe! btipcfvibiun 
To wOfk SUCCesbfully in a partiLuld' Jut^ yinj n lay fiyve lu Ju uiife 

ur more of the foilov/fng 
= motivate others 

wurk vviifi jll typfes uf Q^u^h 
wuik witf) ifiinyb - /uu need , 

dMiJ !\\at lUcal Je^tefity 

..,k in Japefidt.1 Uly - you fiee - i 

suit dibw-ipiifie 

Atjik as part of a tearn 
Of laboratory t^ponH 

iJ^j pi -ybiL jfl) ridHj ,j. Jq . , 
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n.i_. juD niafkel , Kt.(y It Lu lav uu^i Ih Oiju jI) g 

eApUt-'tcfU yiUv^tf. UUiM^.clU J ttv lii 

rdte for all OCw^ik jii.jnb (20 1 ^ p' e 
The folluwiny pM cibcs jrt; ,i,,ecJ 



kd.Jslc, 
Abuul 

I ittlH i_.l.. 

Decline 



4 U lu 1 4 y k 
4 0 4 jr '\\U\, 



Cieneraily, jud I < . . ; i i -^i i.- i 
gruwing at least as fast ^cr t le econDmy as a 

BCit. you would have to know the nurriber of peo^jh; 
peting with you to be sure of your prospects Unfortunatel^ Uiis 
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supply information' is lacking for most occupations. 

There are exceptions, however, especially among pro- 
fessional occupations. Nearly everyone who earns a medical 
degree, for example, becomes a practicing physician. When 
the nuFTiber of people pursuing relevant types of education and' 
training and then entering the field can be compared with the 
demand, the outlook section indicates the supply/demand rala- 
iitjMbftip as follows 



Vtj[y ytjuU- " - • - = 

ijoou or favorable^-^^=- 
May fdufe competitlorn 
Keeri ^uFfipeUtiQn 



=Demand much greater than 
supply 

^Demand greater than supply 
= Rough balance between 

demand and supply 
-Likelihood of more supply 

than deniand 
-Supply greater than demand 



Cornpeiiitui I Of few jdd □penings should riot stop your pursu- 
my a career tna! matches your aptitudes and interests. Even 
isrTidii gveiuruwdt^d QCcupations provide some jobs. So do 
ifios^ in which erriployrnen t is growing very slowly or declining. 

Uruwth in an occupation is not the ""^r^ source of job 
..yj^i>\i\g& because the number of openings fromljrnover can be 
bubstdntia! in large occupations In fact , replacernent needs are 
expected to Create 70 percent of all openings beiween 1 976 and 



laiiy juupiuspecib In your area may differ from those in 
li.u- I Jation as a wrioie Your State employment service can fur- 
MI5I1 luudl irifurrnalion 

Trie bARNlWiSbt.Miyn tails wfid! workefS were earning in 

wniuft jwUy pay the inubt I& d haid question 10 answer be- 
uuse yuuU ifiturrTidiion ih available for only one type of earn- 
iny^- wages dnd sdiaii^^ - and fiQl even this for ail Occupap 
Aiifiuuyti 9 out ut 1 0 wufk^fb receive this form of income, 
ituiMv cdih e^tfd niurie\ u\ wolkiny Qvyrtiriie night shifts, or Ir- 
u_=.jui,.r hL-heUulc^ hi bum^ ucuupatiunb, wuf kers also receive 
iipb Lit ...urnniiKbiOfis based on sales or sdrvice Some factory 
vv\.i[Kt5i ^ did paid d piece rale - an extra payment tor each item 

If T G y ! t i d K c 

If it- rynijiiii.Kj li^ M^^'wenl iji dll WijikeiB= Itm ^elt-eiTlplOy- 

...i inuiujerj ptetjpit i\) inany occupations- ptny^icians, bar- 
Ljc... writdrb and fdifners for example Earnings for 
ri6\\ CMipiuyt^d v^urkfc,, a everi ir i th^ sarTie occupation differ 
wiJely because irujch d^pyrida on wfiether one is ju|t Starting 
uui or fias an established business 

Mubt wdge dfHJ baldry worker ^ r^Gfeive fringe benefits, 
t. db pjid vdudiiuhs huliuays, ana sick leave 

iVu.kers disu receive inconie in goods and services (pay- 
M.^..,ur! Kind) Sales workers in department Stores, for example, 
uttuf i idceive discounts on merchandise 

Debpiia difficulties IP determining exawiiy what people ea/n 
.n, [fie job the Earnings section does compare occupational 
tidininyb by iridicaiirig whether^a certain job pays more or less 
than the average for all nonsupefvisors in private industry, ©k- 
cludirig larfTling 

Each occupation has many pay levels = Beginners almost 
aiwdys earn less than workers who have been on the Job for 
some tinne Earnings also vary by geographic location but cities 
lhai offer the highest earnings oflen are those where living costs 
are most expensive. 
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